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EDITORIAL 


THE BALANCE OF LIFE 


THE affairs of the world are ordered by natural forces whose laws are enforced 
with a strong yet gentle and finely balanced hand. Nature may be stern, wild and 
ruthless or mild and gentle and she measures her action according to the require- 
ment of the time and the environment. All things, be they animate or inanimate, 
respond to natural law and in exercising her control upon plant and animal nature 
provides that a suitable and efficient ecological balance can be sustained. Her 
agents are the elements and disease and she uses them as pawns in a great game. 

Since he emerged from the primordial swamps man has striven to explore and 
disclose the works of nature and their bearing upon life. As his own culture has 
advanced he has called his acquired knowledge to his aid in the hope that speculation 
might be replaced by fact. 

As scientific knowledge has accumulated, many things have come under human 
control and in some cases they have been made to observe and follow a new design 
and purpose. New-found power and methods devolving from the éclairissment of 
scientific research have enabled man to interrupt or change the course of nature 
and so bend it to his will that the erstwhile tenor of life can be distorted. In this 
manner the naturally sponsored balance between the various species of animals 
and between animals and plants can be placed in danger of complete upset and 
bring peril in its trail. 

The close and harmonious relationship between all living things and especially 
between animals and the vegetation on which they depend for food is not a matter 
occasioned by fortuitous chance. It is a phenomenon which has evolved over the 
centuries as a response to the stimulus of environmental factors such as climate, 
available food and the incidence of disease. 
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If the animal population in a region increases beyond the just balance of food 
then malnutrition and disease can take their toll and the competition for survival 
may become so acute that only the fittest survive. When demand exceeds supply 
and the food stores are overtaxed for a period of time renewal is impeded and the 
stage is set for soil erosion and all its dreadful consequences. In an article in a 
recent issue of this journal the author tells of these dangers as they applied in certain 
parts of Africa. The African colonies can be likened to a laboratory in which 
great biological tests and experiments can be conducted under controlled conditions. 
They can be likened also to a camera which registers on an indelible film a picture 
of the havoc which can be wrought by outrageous nature or by the perverse acts 
of man. Progress and development must go on but it must take stock of the 
whole and not of one side only. Great advance has been made in the knowledge 
relating to the cause, prevention and cure of many indigenous diseases which in 
previous times brought suffering and destruction to man and animals. In many 
areas the stage has been reached when the increase in numbers, incidental upon 
control measures, far exceeds the wastage caused naturally by death and disease. 
In some zones consumption tends to exceed the available food supply and the 
herbage is stripped to its very roots. The anxious search for sustenance has added 
other areas to the depleted zones. Unless active and immediate steps are taken 
to control the increase in cattle and to conserve, develop and nurture the existing 
food reserves new Saharas may be added to the map. Nature preserves some 
balance between living things, even between those animals which are antagonistic. 
The predatory beasts do not destroy all those on whom they prey. All beasts are 
subject to an optimum percentage survival rate which ensures the continuation of 
the species. Likewise the herbivorous animals are balanced against the available 
food supply. If overstocking occurs then the food reserves are depleted and 
malnutrition and disease are used by nature as a scourge. In this way the vegeta- 
tion is given a chance to recover. When modern scientific methods are applied in 
the field with a view to preventing loss amongst the animals, great care must be 
taken to control the results so that food and consumption thereof does not get out 
of balance. 

It is right that one should attempt to prevent or control the ravages of disease 
but if this leads to a great increase in population without a compensating increase 
in the food supply the ultimate result may be more disastrous than that occasioned 
by rude nature. 
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STUDIES ON 
ENCEPHALOMALACIA IN POULTRY 


II The Tocopherol Status of Normal and Affected Chicks 
By L. M. MARKSON, R. B. A. CARNAGHAN and W. H. PARR 
Ministry of Agriculture, Fisheries and Food, Central Veterinary Laboratory, 
New Haw, Weybridge, Surrey 


SINCE 1931, when encephalomalacia in chicks was reported for the first time 
by Pappenheimer and Goettsch, the disease has been studied extensively; but 
recent reviews of the literature (Jungherr, Singsen and Matterson, 1953; Ames, 
1956) make it unnecessary for us to mention other than the most relevant articles. 
In 1938 Dam et al. reported that synthetic a-tocopherol, when given at the rate 
of 7.5 mg per Kg body weight a day, completely protected chicks against the 
effects of diet 108 with which Pappenheimer and Goettsch had first produced 
encephalomalacia. Since then encephalomalacia has been considered to be an 
expression of hypovitaminosis E. In a further paper Dam (1944) reported that 
exudative diathesis and encephalomalacia in chicks could be induced or sup- 
pressed by dietary changes unrelated to the tocopherol content of the diet—not 
only did highly unsaturated fatty acids accelerate the onset of both these 
syndromes, but encephalomalacia did not develop without the addition of fat to 
the diet. He was of the opinion that the unsaturated fatty acids were not directly 
toxic, but that they brought about changes in tissues not protected by tocopherol. 
For a long time cod liver oil has been known as an exciting factor in the produc- 
tion of encephalomalacia. Hammond (1941) thought that it hindered the utilisa- 
tion of tocopherol. Zacharias, Goldhaber and Kinsey (1950) failed to produce 
encephalomalacia on a tocopherol-deficient diet unless cod liver oil was added, 
and concluded that the oil overcame the effect of tocopherol-protective substances 
in the food. Scott et al. (1955) demonstrated that a diet containing no unsaturated 
fatty acids, and nutritionally complete except for tocopherol, produced a high 
incidence of exudative diathesis, not encephalomalacia; although the latter did 
occur in a few of their chicks, despite the complete absence of unsaturated fatty 
acids. 

In a series of papers (Singsen and Jungherr, 1953; Singsen et al., 1953 and 
1954) Singsen and his colleagues reported that a deficiency of tocopherol was 
seldom enough to cause encephalomalacia in chicks bred from normal hens or 
from hens fed on a tocopherol-deficient, low-fat diet. Even chicks which had a 
low blood level of tocopherol on hatching and a virtually zero level after two 
weeks on the deficient diet had not developed encephalomalacia at four weeks of 
age, but the addition of two per cent cod liver oil to the diet resulted in a high 
incidence of the disease. Singsen ef al. (1955) found that between seven and 
eleven I.U. of vitamin E per lb. of feed were sufficient to prevent encephalomalacia 
when using fish oil as a dietary stress factor. Tocopherol is not the only agent 
capable of protecting chicks against encephalomalacia. Bunnel et al. (1955) have 
reported the efficacy of several synthetic anti-oxidants, such as santoquin and 
DPPD;; ascorbic acid (Zacharias et al., op. cit.) and xanthophyll (Goldhaber et al., 
1950) have been found effective, while Jungherr (1936) reported that methylene 
blue was of therapeutic value in field encephalomalacia. 
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Accepting the evidence and conclusions presented in the papers quoted, it 
seems reasonable to postulate: (1) that a diet truly deficient in tocopherol will 
seldom, in itself, cause encephalomalacia in chicks; (2) that encephalomalacia can 
be caused by the oral administration of highly unsaturated fats; (3) that an 
adequate intake of tocopherol can protect chicks against the effect of the 
unsaturated fats; (4) that tocopherol is not unique in this function, in so far as it 
can be replaced by other anti-oxidants. 

During the course of an encephalomalacia survey (Carnaghan and Markson, 
1956) it was decided to estimate the tocopherol content of the livers of affected 
chicks, that organ being the principal storage depét of tocopherol in the body, to 
see what relationship, if any, existed between the disease and the tocopherol 
status of the chick. Later, blood was taken for plasma tocopherol estimations. 

Procedure 

Chicks showing symptoms suggestive of encephalomalacia were killed by 
decapitation. Samples of blood were examined by the hemagglutination- 
inhibition test to eliminate the possible presence of Newcastle disease and as much 
of the remaining blood as could be obtained from each carcase was collected in a 
bottle containing dried heparin. At autopsy the entire liver was removed. The 
tocopherol content of the livers and of the plasma obtained from the heparinised 
blood samples was estimated by the method of Emmerie and Engel (1938) with 
modifications suggested by Brown (1952), the procedure adopted for the pre- 
liminary extraction of the vitamin from the livers being that recommended by 
Thompson, Ganguly and Kon (1949) for vitamin A. Diagnosis of encephalo- 
malacia was based on the microscopic examination of the brains (Carnaghan and 
Markson, op. cit.). To provide a normal basis for comparison, the tocopherol 
levels of blood and liver were estimated in a series of normal chicks—normal in 
so far as they showed neither clinical nor histological evidence of nervous disease. 
For this purpose Light Sussex hatching eggs were obtained from a reliable source 
and incubated at the Laboratory. The chicks were reared in brooders and fed a 

TABLE 1 
Liver tocopherol (mg./100g.) 


formal chicks Affected chicks 
Age Number of] Standard |Mean | Mean | Standard Number of 
Samples Deviation Deviation | Samples 

2 days 10 3.785 9.5 

3 days 10 2.10 |10.76 

4 days 8 2.745 | 10.67 

5 days 10 1.61 8.80 

6 days 9 1.39 7.25 

7 days 9 1.49 6. 53 

2 weeks 40 0.64 1045 

3 weeks 9 0.50 1.97 0.98 0.98 8 
3" - - - 1.55 | 1253 23 
 Seee 8 0.71 1.40 0.91 0.76 21 

us * - - - 1.56 1.10 7 
5% 9 0.615 1047 1.1% 1.28 9 

= * - - = | 1.49 | 0.76 9 
Se 10 0.82 0.66 0.97 0.75 13 
‘(es 9 0.59 1.22 1.915 0.38 4 
o.* 8 0.80 1.035} 2. - 1 


B* 
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normal commercial mash as used at the Laboratory. They were killed in batches 
of ten, daily for the first week and thereafter at weeklv intervals. Because of 
the small quantity of blood which can be obtained from very young chicks, the 
individual amounts in each group were pooled during the first two weeks. 
Tocopherol estimations were made also on a random sample of the eggs, on the 
mash on which the normal chicks were reared and on samples of food implicated 
in a few of the outbreaks investigated. 


TABLE 2 
Plasma tocopherol (g./100ml. whole blood) 
Normal chicke Affected chicks 
Age Number of | Standard | Mean Mean Standard Number of 
Samples Deviation Deviation} Samples 
4 day 10° - 4115 - * = 
2 days 10* - 1083 - a a 
; 10* = 1319 - - - 
y % 10* - 890 - - = 
g - 10* - 523 = - - 
6 * 10* - 692 - - - 
( aes 10° -- 805 - - oa 
2 weeks 10* - 1080 - - a 
5 7 145 269 24.2 471.5 6 
@ * - - - 314 150 9 
Ss * 9 81 14,1 162 108 9 
ag - - - 55 20 3 
5 * 10 60 65 171 184 6 
= * : - - 99 20 4 
6 * 6 46 Sh 142 165 6 
€* 10 11 34 535 365 3 
a 10 27 34 40 - 1 
* Pooled samples, 
Results 


The liver and plasma tocopherol values are presented in tables 1 and 2 and 
represented graphically in figures 1 and 2. The writers appreciate that the 
numbers of samples comprising the different groups are, for the most part, small, 
and that this limits the value of a statistical analysis. The jagged graph of the 
plasma tocopherol values in encephalomalacic chicks illustrates this point, for it 
is the type of graph one often finds with small population samples. The 
apparently highly significant difference between the plasma tocopherol values of 
normal and encephalomalacic chicks at seven weeks of age is due to a very high 
figure in one of the diseased chicks—954 ,,g per cent as compared to the 282 and 
370 yg of the other two chicks in the same group. This wide range of values is a 
pattern present throughout all the normal and diseased groups, as is apparent 
from the large standard deviations. The pattern was present even in the newly 
hatched control chicks, of which the liver tocopherol values ranged from 8.7 to 
28.9 mg per cent, and probably originated in the amount of tocopherol present in 
individual eggs; for in the small number of eggs analysed, the total content of 
tocopherol was found to vary from 0.41 to 1.48 mg, with a mean of 0.82 mg and 
a standard deviation of 0.33. Despite the small sample populations analysed and 
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the wide range of tocopherol values within individual age groups, a definite 
overall pattern appeared when the means of the age groups were plotted graphi- 
cally. Thus the mean liver values dropped steeply from 14.75 mg per cent on 
the day of hatching to 1.45 mg per cent at two weeks, and remained below 2 mg 
per cent until and including the final estimations on chicks eight weeks of age. 
The rapid decline of the liver tocopherol concentrations coincided with the period 
in which the rate of increase in the weight of the liver was at its highest. For 
example, the average liver weight at two weeks of age was 3.79 g compared with 
1.83 g at one week—an increase of 106 per cent—whereas at seven weeks of age 
the average weight was 14.18 g compared with 12.42 g at six weeks—an increase 
of only 14 per cent. The mean plasma values dropped irregularly from 1115 pug 
per cent on the day of hatching to 269 wg at three weeks of age, and gradually 
dropped still further until they had reached 34 wg by the seventh and eighth weeks. 
Discussion 

In this investigation encephalomalacia was not diagnosed in chicks younger 
than three weeks or older than eight; that is to say, encephalomalacia occurred 
during the period when the concentration of tocopherol in the plasma and liver 
of the normal chicks was at its lowest. The liver tocopherol values of the 
encephalomalacic chicks were similar to those of the normal chicks in 
the same age group, being significantly less (mean difference - 0.984) only at 
three weeks and significantly more (mean difference +0.692) only at seven weeks. 
The relationship between the plasma tocopherol values of the normal and 
encephalomalacic chicks is not so close; but the figures indicate that the level in 
the diseased chicks was in most cases a little above the level in the normal. The 
peak at seven weeks of age should be treated with reserve, as the average is 
derived from three blood samples only. Zacharias et al. (op. cit.) reported that, 
in their experience, chicks with plasma tocopherol values of approximately 
1000 yg per cent or more never developed symptoms of encephalomalacia, whereas 
chicks with plasma tocopherol values of approximately 500 ug per cent or less 
developed symptoms only when fed certain diets. The plasma tocopherol values 
of our encephalomalacic chicks ranged from 13 to 530g per cent, with the excep- 
tion of one value of 954. One normal chick within the encephalomalacia age 
range had a plasma tocopherol figure of 582 ug per cent; the rest were lower than 
400. Thus all but three of our encephalomalacic chicks and all but one of the 
normal chicks came within Zacharias’ second group, that is, chicks which would 
develop encephalomalacia when fed certain diets. 

Proprietary chick foods compounded by most of the large British manufac- 
turers were implicated in the cases of encephalomalacia discussed in this paper 
and in over half of them one: particular brand was involved. Samples of food 
obtained from four outbreaks contained 0.41, 1.75, 1.91, 2.06 and 2.67 mg 
tocopherol per 100 g respectively (the last two figures are for mash and pellets, 
both from the same outbreak). The tocopherol content of the mash fed to our 
control chicks was 1.70 mg per 100 g. These figures indicate that four samples of 
proprietary chick foods, the feeding of which was associated with encephalo- 
malacia, contained a higher level of tocopherol than the chick mash in daily use 
at this Laboratory. So far as could be ascertained, the feeding of cod liver oil as 
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a supplement was associated with only three of our 69 outbreaks of encephalo- 
malacia. Thus,.while more than half of these outbreaks were associated with 
one particular proprietary feedingstuff, there is no evidence that this was 
influenced by a deficiency of tocopherol in the chicks or in the food, as com- 
pared with the controls. 


Conclusions 

The results of this investigation indicate that, allowing for individual varia- 
tion, the tocopherol status of the normal chicks was relatively high on the day of 
hatching and that the plasma and liver tocopherol concentrations dropped steeply 
during the first two and three weeks of life respectively. From then until eight 
weeks of age the mean values of the weekly age groups were below 300 yg per cent 
for plasma and 2 mg per cent for liver. The age incidence of encephalomalacia 
coincided with the low values found in chicks from three to eight weeks of age; 
but in general, the tocopherol status of the encephalomalacic chicks was no lower 
than that of the normal, in fact, the plasma level was higher at some points. The 
fact that there was no significant difference between the values for the normal and 
diseased chicks during this period suggests that another factor (or factors) was 
concerned in precipitating the disease. This agrees with the conclusion reached 
after a study of the literature. It is suggested that the tocopherol requirement of 
chicks should be considered in relation to the rapid rate of growth of the liver 
combined with the steep decline in its tocopherol concentration during the first 
two weeks of life. 
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STUDIES ON THE PIG LUNGWORM 
(METASTRONGYLUS SPP) 


III Experimental Infection of Guinea Pigs 
By DIANA ROWAN DUNN and E. G. WHITE 
Department of Veterinary Preventive Medicine, University of Liverpool 
Introduction 

THIS paper concludes the report on studies carried out between 1952 and 
1954 on the pig lungworm. An account of the culture of earthworms to provide 
infective lungworm larve (Dunn, 1954) and of observations on natural and experi- 
mental infections in pigs (Dunn, Gentles and White, 1955, and Dunn, 1956) 
have already been published, together with a short note on the finding 
of sexually mature lungworms containing embryonated eggs in experimentally 
infected guinea pigs (Dunn and White, 1954). The present paper deals in more 
detail with experimental infection of guinea pigs. 

Schwartz and Alicata (1934) recorded that lungworms did not become sexually 
mature in the guinea pig and Matoff (1936) also failed to produce infections which 
resulted in the laying of fertile embryonated eggs. Porter (1937) established 
Metastrongylus in the guinea pig and also recorded a striking rise in the circu- 
lating basophil leucocytes, but no eosinophilia. Emdin and Belli (1953), on the 
other hand, have recently failed to confirm Porter’s finding of a basophilia, but 
have recorded an eosinophilia. 

If Metastrongylus could be established satisfactorily in small laboratory 
animals such as the guinea pig this might provide useful material for a study of 
chemotherapeutic methods that might eventually be of value in the control of 
lungworm infections in farm livestock. It has been shown (Dunn, 1954) that it 
is quite a simple matter to culture earthworms and infect them with lungworms 
and so build up a stock of infective material in the form of earthworms contain- 
ing third stage larve. 

During the early stages of our work a few experiments were carried out with 
mice, rats and hamsters. The results with mice and hamsters were negative, but 
migration of lungworm larve through the mesenteric lymph nodes was demon- 
strated in two of a total of 15 rats. Guinea pigs proved to be much more easily 
and regularly infected and were used for all the subsequent work. 

Materials and Methods 

A total of 126 guinea pigs were fed earthworms infected with lungworm 
larve. The earthworms were cultured in boxes of compost and were infected by 
pouring on the compost a suspension of embryonated eggs of Metastrongylus 
apri obtained by the dissection of lungworms from naturally infected pigs obtained 
from a local bacon factory. 

A few adult guinea pigs were used at first, but most of the animals used later 
were only three to seven weeks old at the time of infection, since Schwartz and 
Alicata (1934) found that young animals (under 250 g. body weight) were more 
susceptible than adults. The experimental groups ranged in size from three to 
twelve animals. Pure albino and coloured animals were used with equal success. 

The diet consisted of bran and oats, fresh well-washed kale or cabbage, and 
water ad lib. All the animals were starved for 24 hours before dosing. 
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Infective larve were given in the form of the finely chopped anterior ends 
of experimentally infected Eisenia fetida, the small red earthworm which abounds 
in manure and compost heaps. The chopped material was mixed with a little 
bran, oats and water to form a mash and was given to each guinea pig individually 
in an isolation cage. The animal was watched until all the infective mash had 
been eaten, and was then returned to its own cage. 

The infective dose ranged from 100 to 2,500 larve, usually as a single dose. 
Each dose was estimated by sampling the infected batch of earthworms, counting 
the infective larve in a dozen of them, and calculating the number of earthworms 
necessary to provide the dose required. All doses were thus approximate. 

During the later experiments blood films were made twice weekly from the 
ear veins in some 55 animals and stained by Leishman, and differential leucocyte 
counts were made on 200 white cells. 

Fourteen guinea pigs died from the effects of the parasites, three succumbed 
to intussusception, and the remainder were eventually killed by a sharp blow at 
the back of the head. The lungs were examined for immature and adult lung- 
worms and, in the case of animals killed or dying within a few days of dosing, the 
lungs and intestinal lymph nodes were examined for lungworm larve by making 
press preparations or by Baermann extraction. From some animals histological 
sections of the lungs were made from material fixed in formol-saline or Zenker 
and were stained with Ehrlich’s hematoxylin and eosin and with Giemsa. 


Results 

Of the 126 guinea pigs fed infected earthworms 60 (42 per cent) showed 
lungworms at autopsy, in the form of larve in the lymph nodes or lungs, adult or 
immature parasites in the trachea or bronchi, or the remains of adult worms in 
histological sections (two animals). 

Seven guinea pigs received more than one dose of lungworm larve: three 
of them showed lungworms at autopsy, which was about the same proportion as 
of the animals receiving single doses (57 of 119). 

Symptoms 

A rough coat, coughing, dyspnoea, or loss of weight, or a combination of 
these symptoms, were observed in 53 of the infected animals. Usually symptoms 
were seen first one to two weeks after dosing and rarely persisted for more than 
a further two or three weeks. Fourteen deaths occurred between two and four 
weeks after dosing among animals showing symptoms. It seems likely that 
cessation of symptoms in survivors was due to expulsion of lungworms from the 
bronchi, for whereas lungworms were found at autopsy in only two of nineteen 
animals which were left to survive two weeks or longer after symptoms had 
ceased, parasites were found in more than half of the animals which died or were 
killed while still showing respiratory symptoms. 

Some animals in which lungworms were found at autopsy showed no 
symptoms, but most of these were killed within ten days of dosing and thus before 
symptoms might have occurred. On the other hand 20 of the 66 guinea pigs 
which showed no worms at autopsy had shown symptoms at some time: it is 
likely that in these animals the lungworms had been expelled, for most of them 
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showed macroscopic or histological lesions suggestive of previous parasitic 
invasion. 
Lesions 

Lesions in the lungs, characteristic of lungworm infection, were found in 68 
guinea pigs: lungworms, intact or degenerated, were present in 43 of these. 
Most of the animals which showed lesions but no parasites had been allowed to 
survive for at least a month after dosing. 

If the presence of either lesions or symptoms be taken as sufficient evidence 
of infection becoming established, even if only temporarily, the infection rate was 
73 per cent, since only 34 of the 126 guinea pigs failed to show symptoms, 
lesions or lungworms. 

In guinea pigs killed between four and seven days after dosing the lungs 
usually showed petechial hemorrhages within which lungworm larve could be 
found in fresh press preparations. Between ten and thirty days after dosing lung- 
worms varying in number from two or three to thirty or more were found within 
the bronchi and trachea. There were lobular areas of vesicular emphysema and 
of consolidation associated with the bronchi which were blocked by the worms, 
and there was also a catarrhal bronchitis. The worms varied in size from 
immature adults of both sexes and under 5 mm. in length up to sexually mature 
females measuring 30 to 35 mm. 

Mature adult M. apri in guinea pigs were never more than about half or two- 
thirds the length reached by the worms in the lungs of pigs, and their number 
rarely exceeded 20. The number of immature parasites recovered from infected 
guinea pig lungs varied from 2 to 200, and 30 to 60 was quite a common number. 

The histological changes (Figs. 1-4) were very like those in experimentally 
infected pigs (Dunn, 1956). Serial sections were not employed and no migrating 
larve were seen in sections of the lungs, but several foci of mononuclear cells and 
neutrophilis were noticed which resembled those associated with migrating larve 
in the pig) The adult worms, whether immature or sexually mature, produced a 
bronchitis (Figs. 1 and 3) which ranged from an acute inflammatory process in 
which the lumen was plugged with leucocytes and desquamated epithelial cells to 
a chronic form with papilliform proliferation of the bronchial epithelium which 
had undergone mucoid metaplasia (Fig. 4). Many of the adult lungworms seen 
in sections had degenerated (Fig. 4) and some were represented only by the 
remains of the gut of the worm. 

Eosinophils were very numerous in the exudate in the lobular areas of 
bronchopneumonia, but no basophils were seen in sections stained by Giemsa. 

Two of the six guinea pigs in which M. apri produced embryonated eggs 
showed an inflammatory reaction in response to the liberated eggs which was 
similar to that seen in the pig (Dunn, Gentles and White, 1955). Lungworm eggs, 
whether single-celled or containing fully developed first stage larve, had excited 
within the alveolar spaces a foreign body type of reaction in which multinucleate 
giant cells were a feature (Fig. 2). A widespread verminous pneumonia was 
present, and resembled that seen in pigs soon after the lungworms have reached 
sexual maturity. 

In general, the reaction in the lungs of the guinea pig is very like that in the 
pig except that since the lungs are so much smaller in relation to the size of the 
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Fig. | 
Mature worms containing embryonated eggs in lung of guinea pig fed 500 lungworm larvae. Animal died 18 days after 
dosing, having shown coughing and severe dyspnoea for two days. Eosinophils 30°,, at 6 and 13 days, 0°, on the day 
before death. Basophils 1.15°, or less. 
Fig. 2 
High power of lung of same guinea pig as in Fig. 1. Two embryonated lungworm eggs, with a foreign body giant cell to 
the right of the lower one. Severe verminous bronchitis and pneumonia were present. 


Fig. 3 
Two immature lungworms in lumen of bronchus of guinea pig killed 26 days after dosing with 500 larvae. Other sections 
showed non-embryonated eggs free within alveoli. Bronchial muscle shows hypertrophy. Macroscopically, there was 

extensive consolidation and widespread bronchitis. 

Fig. 4 
Bronchus of guinea pig containing a degenerated lungworm embedded in catarrhal exudate. Animal killed 46 days after 
receiving 75 lungworm larvae cultured in earthworms from embryonated eggs recovered from mature lungworms from the 
guinea pig illustrated in Figs. 1 and 2. Brocnhial epithelium shows papilliform projections and metaplasia to mucoid 

cells. Macroscopically, the lungs showed areas of emphysema and consolidation, mainly of the apical lobes. 
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parasite, only a few lungworms are required in the guinea pig to produce exten- 
sive and severe lung lesions. Thus whereas in a pig a small group of adult lung- 
worms may lie harmlessly in a small bronchus supplying a lung lobule near the 
posterior tip of the diaphragmatic lobe, the same lungworms in a guinea pig may 
obstruct the main bronchus and excite violent coughing and inflammatory 
reactions. 

In two guinea pigs there was proliferation of the epithelium of the terminal 
bronchioles and extension into the alveoli to produce an adenomatous change of 
the kind seen in verminous pneumonia in sheep. 

The hypertrophy of the bronchial and bronchiolar muscle which is so striking 
a feature of natural and experimental lungworm infection in the pig was rare in 
the guinea pig. This is not surprising, since the change probably takes several 
weeks to develop, by which time most guinea pigs had expelled the lungworms. 
The lymphoid hyperplasia which is also a regular feature in the pig was not seen 
in the guinea pig. 

Hematology 

A total of 88 differential leucocyte counts were made at intervals on 12 
control uninfected guinea pigs. The mean eosinophil count was 1.25 per cent 
(O—11 per cent), and the mean basophil count was 0.4 per cent (O—S per cent). 
Scarborough (1930) quotes a mean of 4.8 per cent (2—15 per cent) for eosinophils 
and 0.77 per cent (0—2 per cent) for basophils. More recently Bilbey and Nicol 
(1955), in a study of the blood picture of 55 male guinea pigs, give the average 
eosinophil count as 0.6 per cent. (0—3 per cent) and the basophil count as 0.2 
per cent (O—2 per cent). 

From our own figures and these of other workers quoted one might expect 
that few normal guinea pigs would show eosinophils above 8 per cent or basophils 
above 3 per cent. Ten out of twelve control animals fell within these limits. 

Differential counts were made at intervals on 51 of the 126 guinea pigs 
infected with lungworm larve. In 45 of them (88 per cent) the basophil count 
reached 3 per cent or higher; the eosinophil count rose above 8 per cent in 39 
animals (76 per cent). The highest basophil count observed was 20 per cent, the 
highest eosinophil count was 31 per cent. No guinea pig failed to show a rise in 
one or other of these two types of leucocyte in the course of the infection. 

The eosinophils usually rose to a peak between the fifth and 18th days after 
dosing and the basophil peak usually occurred a few days later. There were wide 
variations in individual animals and no constant pattern in relation to time of 
dosing or size of dose could be seen, although a second and larger rise in both 
types of leucocyte occurred in three animals which received a second dose of 
larve. The highest levels of both basophils and eosinophils were in two guinea 
pigs which died of the infection and showed mature lungworms containing 
embryonated eggs. In animals given a single dose of larve and surviving at least 
five or six weeks the eosinophil count and basophil count had nearly always 
returned to normal within one month of dosing. 

Fig. 5 shows the basophil and eosinophil counts in three individual animals, 
and is representative of the various types of leucocyte response. Fig. SA shows 
two peaks in the basophil count (9 and 14 per cent) 14 and 7 days respectively, 
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after two successive doses of 1,000 lungworm larve. An eosinophil rise (18 per 
cent) occurred 4 days after the second basophil rise. Respiratory symptoms were 
seen 6-18 days after the second dose of larve, but no lungworms were found when 
the animal was killed 64 days after the first dose. Fig. 5B illustrates a basophil 
rise to 20 per cent in a guinea pig which died 29 days after a single dose of 1,000 
larve and showed at autopsy adult worms containing embryonated eggs. Eggs 
were also present in tracheal mucus and feces. Fig. 5C shows a picture similar 
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to Fig. 5B, except that the eosinophil rise was considerably higher (15 per cent) 
than the basophil rise (8 per cent) and occurred several days earlier. This 
guinea pig showed respiratory symptoms from 17 days after dosing until it was 
killed on the 36th day. Lungworm eggs were found in the feces on the 31st day 
after dosing. The lungs contained numerous sexually mature lungworms, some 
with eggs containing larve. 
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Development of the Parasites 

The first 20 guinea pigs gave only four positive results. Subsequent experi- 
ence suggested that this was partly because some of the animals were fully grown 
and partly because most of them were not killed until a month or longer after 
dosing. The most successful experiments were with guinea pigs 96-116. Only 
two of these 21 animals failed to show lungworms when killed 6-36 days after 
dosing. It was in this series that the only instances of lungworms producing 
embryonated eggs containing fully developed first stage larve were encountered. 
As mentioned in the preliminary note (Dunn and White, 1954) six of a group of 
eight animals showed embryonated eggs. Embryonated eggs from the mature 
lungworms were collected when the animals were killed and were used for infec- 
tion of earthworms. Unfortunately only a small number of infective larve were 
obtained in earthworms in this way. Most of these infected earthworms were 
used to infect a single guinea pig, the estimated dose of larve being 450. Twelve 
days later the animal showed very severe dyspnoea and it died on the 16th day. 
Numerous lungworms were present in the bronchi, but no females contained 
embryonated eggs. The remaining infected earthworms were fed to three further 
guinea pigs, each receiving some 75 infective lungworm larve. Two showed 
respiratory symptoms 17 days after dosing and all three were killed after 46 days. 
No lungworms were found, but two of the animals showed areas of emphysema 
and consolidation, and histological sections of the lungs of one of them showed 
traces of a degenerated lungworm. No further opportunity to passage the lung- 
worm through guinea pigs occurred since no more samples of embryonated eggs 
containing larve were found. 

Samples of feces of three infected guinea pigs showed a few typical lungworm 
eggs when examined by flotation with saturated magnesium sulphate; no other 
helminth eggs were present. 

Discussion 

The results of these experiments have confirmed the susceptibility of the 
guinea pig to the pig lungworm, Metastrongylus apri, and have shown that pro- 
vided the animals are young and are killed when respiratory symptoms are present, 
particularly between about 3 and 4 weeks after dosing, adult lungworms 
may be found in at least half of them, and embryonated eggs containing fully 
developed larve may occasionally be present. It might be worth while to repeat 
the work, using large numbers of animals, and passaging the lungworm through 
guinea pigs in series in the hope of adapting it to remain longer in this host. Our 
experience suggests that most infected guinea pigs are able to expel the lungworms 
from the bronchi before they reach sexual maturity and lay embryonated eggs. 
For example, only one of 18 guinea pigs killed 6 weeks or longer after dosing 
contained lungworms, and they were represented only by degenerated worm 
fragments recognised first in histological sections. In contrast, 29 of 45 animals 
killed or dying between 11 and 30 days after dosing yielded lungworms. 

The earliest record we have found of a circulating basophilia in the guinea 
pig is that of Schlecht (1912) who found that both basophils and eosinophils 
increase in the blood of guinea pigs given foreign proteins (human serum, fibrin) 
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parenterally. Eosinophilia developed in 7-9 days, basophilia in 14-20 days. 
Repeated injections gave a repetition of the blood changes. A few aged guinea 
pigs which did not receive foreign protein also showed high eosinophil counts. 
Porter (1937) found a striking basophilia, with counts up to 40 per cent, in four 
guinea pigs fed lungworm larve. The rise began within a few days of dosing, 
reached a peak at about a fortnight, when respiratory symptoms were at a 
maximum, and returned to normal when the lungworms had been expelled. No 
tissue basophilia was seen in the lungs, but eosinophils were very numerous. 

In contrast Emdin and Belli (1953) found no basophilia but instead recorded 
an eosinophilia which coincided in its time relations with the basophilia recorded 
by Porter. Eosinophil counts rose as high as 23.4 per cent, whereas basophils 
did not rise above 2.2 per cent. These authors used four animals initially and 
then gave larve to a fifth animal which had served as a control. 

Our own findings accord closely with those of Porter in that there was a 
striking basophilia in most infected guinea pigs. We also found an eosinophilia 
which usually preceded the basophilia by a few days. If the basophil and 
eosiniphil counts are added together, the total of the two cell types approached 
the levels of basophils alone which Porter found. It seems that eosinophils and 
basophils may both increase in response to lungworm development in the guinea 
pig, or only one cell type may increase. When a large number of animals are 
used, a wide range of reactions is seen and no two animals react in exactly the 
same way. Basophilia is a relatively rare phenomenon and the function of the 
basophil leucocyte is still in doubt. It may be that in the guinea pig it serves the 
same purpose as the eosinophil and that production of both types of cell in the 
bone marrow results from the presence in the tissues, or in the alveolar spaces, of 
proteins such as those which result from the presence of helminths and their eggs, 
or foreign proteins given parenterally (Schlecht, 1912). 

Schwartz and Alicata (1934) succeeded in establishing lungworm infection 
in 8 of 12 young guinea pigs, as judged by recovery of lungworms post mortem. 
The presence of lesions in the lungs of the other four animals suggested that 
migration and some degree of development occurred in these also. Matoff (1936) 
found evidence of migrating larve or adult worms in 9 of 11 guinea pigs: the two 
which were negative were not killed until 75 and 77 days after dosing, and would 
almost certainly have expelled the lungworms. The experiments reported here 
were carried out with a much larger number of animals and to a large extent 
confirmed the earlier work. Whether lungworms were found or not depended 
on the time after dosing at which the animals died or were killed. Lungworm 
larve or adult worms were found in 60 of the animals, but the presence of 
symptoms or lesions suggested that at least 92 of the 126 guinea pigs became 
infected. The real infection rate may well be even higher than this. 

The gross and microscopic lesions produced in the lungs by the developing 
and adult worms closely resemble those in the pig (Dunn, Gentles and White, 
1955). They comprise areas of emphysema and bronchopneumonia, bronchitis, 
and sometimes a diffuse verminous bronchopneumonia when large numbers of 
eggs are set free into the bronchioles and alveoli. The small size of the lungs 
in the guinea pig in relation to the size of the adult lungworm results in a more 
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violent host reaction, and this is usually successful in expelling the lungworms 
before they are sexually mature, and have produced embryonated eggs. The latter 
are sometimes produced, however, and may be found in the tracheal mucus and 
in the feces. They can be used successfully to infect further guinea pigs when 
they are first allowed to develop to the infective stage in earthworms. A heavy 
infection with adult worms may be fatal to the guinea pig. Degenerated frag- 
ments of adult worms which are not expelled successfully by coughing may remain 
within the bronchi for some weeks. In the pig, in contrast, residual infections 
are probably the rule: varying numbers of adult worms may remain viable and 
continue to produce embryonated eggs for weeks or months, for they enjoy the 
relative security of the small bronchi near the lung border or in the posterior tip 
of the diaphragmatic lobe from which they are not readily expelled by coughing. 

In general, the guinea pig seems to be as suitable a host as the pig for migra- 
tion and development of Metastrongylus apri to the early adult stage, but nearly 
always expels them before they have developed to sexual maturity. 

It is conceivable that if a strain of M. apri could be adapted to the guinea 
pig by repeated serial passage, retention of the adult worms instead of premature 
expulsion might occur, and thus provide a useful experimentally infected small 
animal. 

Summary 

A total of 126 guinea pigs were fed infective larve of the pig lungworm, 
Metastrongylus apri, in the form of infected earthworms (Eisenia fetida). Lung- 
worm larve or adults were found in 60 of the animals killed at varying intervals 
after dosing. Respiratory symptoms or lung lesions suggested that at least a 
further 32 animals became infected but had expelled the worms when killed. 
The symptoms and the gross and microscopic lesions are described. 

Differential leucocyte counts were made on 51 of the animals and showed an 
eosinophilia, followed by a basophilia, in some four-fifths of them. 

In six guinea pigs mature female M. apri containing eggs with embryonated 
larve were found. Feeding these eggs to earthworms, and then dosing guinea 
pigs with the infective material, produced infection in three or four guinea pigs, 
but only one of them had lungworms present at autopsy, and none of these 
contained embryonated eggs 

The pathogenesis of the infection in the guinea pig is discussed and com- 
pared with the natural disease in the pig. 
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SOME PROBLEMS OF COLONIAL 


ANIMAL HUSBANDRY—PART II 
By ‘W. M. McKAY, Ph:D., M.R.-C.V:S 
(B) Garissa Area 

This area lies between the Tana River on the West and Italian Somaliland on 
the East with Coast Province on the Southern border and the Equator as its Northern 
limit. 

The area for the most part is dry and largely waterless with the exception of the 
environs of the river itself. The temperature is very high; temperatures of 120 
degrees F. at 4.p.m. were recorded, and rainy periods are confined to November to 
January and March to April. During these times torrential rain falls, and it is 
possible for a large part of the year’s rain to fall during less than a week. 

In a normal year the rainfall is approximately 14 to 20 inches per annum. As 
is to be expected, apart from the riverside vegetation, the country is dry and desert. 

The inhabitants are principally Somalies, who are comparative newcomers, and 
who have established themselves at the expense of the Wagalla whom they have 
driven to the Western bank of the Tana. 

These Somalies are of the Abd Wak, Abdulla and Rer Mohamed septs or clans. 
They are bright, cheerful people who are not averse to spending hours debating 
points with an official who generally discovers that the points in question are not 
the immediate cause of their concern to interview him. 

With the Somalies are the remnants of the subjugated Galla, who were slaves 
of the Somalies and who now, although free, choose to remain with their former 
masters and retain their stock. These are nomadic in habit. 

On the river banks are the Wa-Pokomo, who are agriculturalists, tilling the 
ground industriously, owning some poultry and some goats and sheep purchased from 
their neighbours, the Somalies and Gallas, and who spend or spent most of their 
nights in dancing and drinking a native brewed beer of some potency. 

While the women do most of the work, the men do a share of it and are quiet 
and cheerful. A secret society exists amongst these Reverines and this with drinking 
and dancing have not been conducive to real industry. 

Crops of rice, maize, sugar, cow peas, chirko, bananas, sweet potatoes, 
mangoes and pawpaws are grown. 

The men are short, fairly sturdily built and broad shouldered from paddling 
and poleing their dug-out canoes on the river. They exist on the crops they grow 
and on fish. These fish are caught in wickerwork baskets placed at the edge of the 
river near the bank. 

With floods and droughts, elephants and baboons, these people lead a very 
precarious existence. They, like the nomadic Somalies live constantly in the 
shadow of famine, vacillating between plenty and starvation. 

Tuberculosis is the great tragedy of these Somali people. Slowly but surely 
they are being decimated by this disease and up to the time I left them no steps had 
been taken to educate them in tuberculosis prevention. 

Glandular and pulmonary tuberculosis is apparent everywhere, and few live to 
any real age because of it. Their environmental circumstances are all conducive to 
the rapid spread of the disease, their close, ill-ventilated camel mat huts, the periods 


eS Ne OD 


COLONIAL ANIMAL HUSBANDRY 317 


of semi-starvation and their sympathetic but extremely unforturiate custom of sitting 
the last hours or days with a phthisical patient in his hut. 

It is difficult to estimate the exact incidence of active cases but it is true to say 
that practically every family has a tuberculous history, and year by year the 
incidence must be increasing. 

Since no case of bovine tuberculosis came to my notice, and I conducted post- 
mortem examination on many animals, the infection is presumably entirely human. 

It seems strange that in their efforts to combat the disease, surgical interference 
is practised, and thoracoplasty, first performed in civilised surgery by de Cerenville 
as recently as 1886, is the method adopted. How long this operation has been 
performed by tradition-trained non-aseptic Somalies, without anesthetics and with 
crude barbarous instruments, but with apparently some success, could not be 
ascertained. 

The chief animal disease is rinderpest and this periodically reaches them from 
Italian Somaliland or from neighbouring areas in Kenya. A large outbreak occurred 
during my time in the district, the mortality rate being in the region of 60 per cent. 
Preventative measures were adopted, formalised spleen pulp vaccine, prepared in 
the field from animals supplied by the Somalies being used. 

Another important disease is trypanosamiasis and this is endemic. The river 
area is the chief breeding ground of the tsetse, and as the herds are perforce driven 
to the river in the dry periods, infection is intense. Large tracts of excellent grazing 
which lie between Ijara and Dul Dul are rendered useless because of heavy tsetse 
infestation. This excellent area is uninhabited and totally lost to an area badly 
overstocked, and is partly responsible, therefore, for the overstocking of the occupied 
areas. At the same time it cannot be repeated too often that increasing grazing land 
is no true palliative for overstocking, for herds would grow and history would 
repeat itself, unless stock numbers are reduced at the same time. Other diseases 
such as anthrax appear from time to time. 

The Somalies are good stockmen and, like the Samburu, their whole life and 
wealth is bound up in their cattle, and like the Samburu, they are in need of a sound, 
long-range policy to improve the public and animal health. 

The Cattle-Owners and Animal Husbandry 

Much of what has been said regarding conditions in Samburu apply with equal 
truth to Garissa. Some indications of variations, however, must be given regarding 
Garissa. 

The Somalies exist on meat, milk, ghee and blood, but cereals in the shape of 
rice and sugar and tea, form an irregular part of the diet. The standard of life is 
higher than with the Samburu. 

They are reasonably educated and are, of course, deeply religious; the 
principles of Isiam are installed into the youths at an early age and writing and 
reading is taught by their own teachers. Their knowledge of animal husbandry is 
good and on similar lines to the Samburu but with more thought applied to it, as 
would be expected in a race of the intelligence of the Somali. 

The stock possessed by the Somalies are cattle, camels, donkeys, sheep, goats 
and a few mules. 

The cattle are of the Zebu type. Although every colour is represented, the 
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majority are white, with white or black skins. They are big boned, well-built 
animals and consist of breeding and young stock and pack bullocks. Some mild 
selective breeding is practised. In this connection, Harris and Samson (1934) stated 
that selective breeding should be from black-skinned, white haired animals, as such 
have more than twice the working life of similar animals with white skins. 

The milking and beefing qualities are similar to those of Samburu. 

The sheep are hairy with some vestigial wool, close to the skin; they are mostly 
white with black heads and shoulders and are fat tailed. 
The goats are white with black skins and they probably originated in Arabia. 


Limiting Factors 

The limiting factors in Garissa can be stated briefly as being due to soil erosion, 
drought, over-stocking and disease. 

The major factors in soil erosion—long periods of drought followed by heavy 
rainstorms, are present. The erosion is most marked where the sloping sides of the 
Tana basin flatten out near the river to level plains. The subsoil here is impervious 
and this prevents the rain from sinking into the ground to any extent, instead, the 
heavy rainfalls produce rushing rivers which begin only a few hundred yards from 
the Tana, and frequently originate in the bush tracks of game and stock which 
intersect the area. 

Further away from the river, the soil is better and more pervious and, con- 
sequently, there is very little erosion. Here Harris and Samson found grass roots 
at a depth of 44 feet in the lighter, and over 2 feet in the heavier soils. They took 
soil samples and one, taken 84 miles from Garissa, was bright red in colour and 
sandy consisting of quartz grains stained with fine silt. PH values ranged from 
6.9 at the surface to 7.2 at the bottom, with grass roots throughout the depth. The 
tribesmen consider that the red soils produce the best grazing, probably due to the 
rapid penetration of rain water. 

Another soil sample contained a very large amount of soluble salts, mostly 
sodium chloride and sodium sulphate, and there was ample soluble calcium present 
to ensure that the clay was largely, if not wholly, a calcium clay. The lower levels 
of the subsoil contained very large quantities of gypsum, the effect of which is to 
increase permeability. 

Harris and Samson considered that the soil erosion is directly due to over- 
stockings, a thesis with which I fully agree. 


Vegetation and Pastures 

The predominant species in the desert areas is Acacia (A. mellifora Benth) 
and Balsam (Comomephora Spp.). The undergrowth is chiefly salt bush 
(Desporma Sp.) Nearer the river, Sanseviera is common. 

The denser riverside vegetation consists of Acacia, Albizzia Sp., Decne, 
Kigelia ethropica, Doum palm (Hyphene Phebiaca Mart), Mangoes, Tana poplar 
(Populus Denhardtiorum Dove) and Fiicus capensiis. Here the undergrowth is 
chiefly henna (Lawsonia inermis) and Umtali (Cordia gharaf Chremb). 

The principal pasture grasses on the river bank or on the flat plains of the water 
shed were collected and were identified at the Royal Botanic Garden, Kew, and their 
analyses carried out for me by Professor Linton of Edinburgh, as follows :— 
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(1) Sporobolus sp. not matched, possibly a new species; (2) Dactyloc- 
tenium egyptium (L) Beauv. (D. e@gytiacum Willd); (3) Chloris myriostachya. 
Hochst; (4) Enteropogon monostachyos K. Schum; (5) Choris sp. aff. C. 
tenella Roxb; (6) Cenchrus ciliaris L. (Pennisetum ciliare Link); (7) 
Dactylostenium egyptium (L) Beauv. 

Dry MATTER BASIS. 


| Crude | Ether | Carbo- Crude | Total | Silica | 
No.| Protein | Extract | hydrate | Fibre | Ash free Ash | CaO | P.O; | Cl 
1 | 11.74 | 1.75 | 36.46 | 30.59 | 9.45 | 6.29 | 0.33 0.45 | 1.60 
2] 9.87 | 1.54 | 37.06 | 34.40} 7.98 | 5.28 | 0.66 0.44 | 1.45 
3 10.23 | 1.84 | 36.81 | 32.13 | 9.82 | 4.81 | 0.34 | 0.45 | 0.96 
4 | 12.46 | 2.38 | 32.15 | 29.31 | 13.32 | 6.88 | 0.46 | 0.46 | 2.29 
“5 | 11.97 | 1.82 | 33.92 | 31.13 11.97 | 6.31 | 0.60 {oes | 1.12 
6 | 10.41 | 2.98 | 32.64 | 33.93 | 10.98 | 7.05 | 0.46 0.39 | 0.95 
71 13.80 | 1.99 | 29.17 | 26.15 | 17.63* | 12.63* | 1.00* | 0.66* | 3.238 


* Possible soil contamination. 
Other grasses were identified as follows :— 
Aerva sp. Sporobulus filipes Stapf. Sorgum Versicolor Andersa. Latipes sene- 
galensis Kunth. Eragrostis Alianensis Lutati. Scirpus sp. Axygonum sp. Tephrosia 
sp. Urochloa panicoides Beauv. These grasses were not collected in sufficient 
quantity to allow analyses to be made. In addition, the following were collected 
near the borders of the Garissa district some considerable distance from the Tana 
River :— 
Eragrostis sp. Indigofera sp. Kyllinga sp. Leptochloa obtusiflora Hochst. and 
Crysanthemum procumbens lour. 


Outlets for Stock 

Garissa is in a much better position as regards the export of stock than 
Samburu. Between outbreaks of rinderpest, cattle can be driven on foot to Lamu 
on the coast, a distance of some 120 miles, where they are shipped by dhow to 
Zanzibar. This trade is, however, limited by the comparatively small demand; the 
relief to the area is, therefore correspondingly limited. No other outlet exists or 
existed during my time in the area, and apart from Italian Somaliland, it is doubtful 
whether other outlets for live cattle could be developed. 

The question of a meat factory in this area could justifiably receive serious 
consideration, provided the factory were to serve the whole province and possibly 
Wakamba. Wakamba is seriously overstocked and the problem of soil erosion is 
acute, and their cattle could be walked, after suitable arrangements had been made, 
to Garissa. 

Cheap transport to the coast is provided by the river, which is navigable up to 
the falls above Garissa Township. The falls could be made to produce the neces- 
sary power and, of course, water and labour are readily uvailable. River transport, 
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while slower than motor lorry, is cheaper and is unaffected by the rains, when road 
transport is impossible. 
Control of the Limiting Factors 

The aim must be to reduce the stock numbers as rapidly as circumstances will 
permit and to keep them permanently at a reasonable figure, especially after the 
grazing has had an opportunity to recover. 

The soil erosion cannot be remedied so long as overstocking exists, and over- 
stocking will exist until some attractive method of hard reduction is introduced 
and until the attention of the Somalies is diverted from stock to other forms of 
agriculture. 

The present position will steadily deteriorate unless steps are taken to reduce 
overstocking. The area will be unable to carry the herds and flocks and an exodus 
will be necessary. There are few areas in Kenya today which could receive them 
since practically every contiguous area is in the same unfortunate condition. 

The disease position, apart from trypanosomiasis is not serious. Rinderpest 
can be fairly easily and economically controlled when necessary, by vaccination, the 
vaccine being produced in the field from local cattle or goats. 

The control of trypanosomiasis will prove a serious matter, but in controlling 
it much valuable grazing will be made available. 

Drought is a serious matter, but this too can be at least ameliorated to a 
large extent by the digging of water holes such as was done at Ijara. 

Much can be grown in the way of feeding stuffs on the banks of the Tana if 
simple irrigation such as the WaPokoma practise is carried out. Lucerne, sun- 
flower, ground-nuts, maize and edible canna, for example, can be grown and fed 
green or made into ensilage. 

The Characteristics and Productivity of Boran Cattle 

Boran cattle are not indigenous to Kenya alone, but occur also in the neigh- 
bouring territories of Abyssinia and Italian Somaliland. 

Because of the inhospitable stock conditions in the Northern Frontier 
Province of Kenya, the breed is naturally a hardy one. They exist in herds of 
from about 50 to 800 or more, depending upon the tribal standing and wealth of 
the owner and disease history of the herd. 

The Boran are essentially of the Zebu or Bos Indious type and are similar in 
build and appearance to the Hariana or Hansi Hissar type found in the Punjab. 

The horns are set on similar lines to the Shorthorn, but are not so long. The 
ears are long, quite half as long again as in European breeds and very mobile and 
can cover the eyes. 


The sacrum is at an angle of about 40 degrees to the spine, and the tail is set © 


on more or less horizontally. 

The bones are fine and light. 

The whole body is not so deep and gives the appearance of being higher off 
the ground without being “ leggy ”. 

The dewlap is very pronounced and falls from the throat in folds. 

The feet are neat and small and the legs are fine, the animal giving an 
appearance of alert activity. The eyes are large and bright, the head is longer 
and not so broad and the nasal plane is always black. The udder does not reach 
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so far forward and is more confined to the inguinal region, the milk vein is pro- 
minent in good milkers, and the anterior teats are always longer than the posterior. 
The rudimentary teats so commonly seen in European cattle are rare. The 
commonest colour is grey, but all the usual colours are represented. 


MEASUREMENTS. 

Length of the body (nuchal crest to root of tail) 68 inches (72, 60). 

Girth (at shoulder behind hump) 60.5 inches (664, 55). 

Girth (at barrel) 73 inches (824, 624). 

Girth (at flank anterior to udder) 69 inches (734, 57). 

Height 47 inches (50, 45). 

Length of neck 17 inches (19, 15). 

Length of head 18 incres (20, 16). 

Breadth of face 8 inches (9, 74). 

Length of horns 34 inches (93, 14). 

Length of udder 154 inches (19, 12) and depth 6.7 inches (9, 5). 

Length of teats 3 inches (34, 24). 

The figures given represent the average, those in brackets indicate the 
greatest and least measurements. 

Scrutiny of the above will indicate the uniformity of the breed. 


MILK REcorDs. (Averages relating to 82 cows). 


eo Highest Lowest Average 
Milk yield (complete lactation)... ... 1,891 Ib. 26 Ib. 1,140 Ib. 
— (241 days) (ll days) (139 days) 
Butter fat... a a pe a 7.9%, 1.4% 5%, 
Daily yield... ads 19.1 Ib. —_— 

Average number of complete days i in milk... — -- 139 days 


Note : Highest milk yield of any lactation was 2,183 Ib. in an incomplete lactation 
of 297 days. 


CALF WEIGHTS—BIRTH TO WEANING. (Averages relating to 29 calves). 


Highest Lowest Average 
Birth Weight—Heifers vor ‘ie _ 47 Ib. 35 Ib. 41 Ib. 
Weaning Weight—Heifers ... oe - 177 lb. 94 Ib. 140 Ib. 
Daily Gain—Heifers ca oe ies -71 Ib. .32 Ib. 54 Ib. 
Birth Weight—Bulls pst yee “a 53 lb. 40 Ib. 45 Ib. 
Weaning Weight—Bulls _... oat ve 181 Ib. 95 Ib. 149 Ib. 
Daily Gain—Bulls ... a - — -73 Ib. .23 Ib. -57 Ib. 


COMPARISON OF BIRTH WEIGHTS. 
Of 64 Ist calves compared. 
Average weight—40.4 lb. 
Of 55 2nd calves compared. 
4 showed gain of 15 lb. and over. 
8 a . 2 
5 . a = Te se 
15 " »» »» under 5 Ib. 
2 were constant. 
21 showed loss. 
Average weight—42.7 Ib. 
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Of 14 3rd calves compared. 
1 showed gain of 9 Ib. 
a & » »» 35 lb. and over. 
5 - » »» under 5 lb. 
] was constant. 
5 showed loss. 
Average weight—42.8 Ib. 


General Conclusions 

Both Samburu and Garissa are grossly overstocked and in consequence of 
the bad climate conditions there is much pasture deterioration leading to serious 
soil erosion. 

There is a considerable amount of disease in the herds which assists in their 
limitation. The older animals in both areas are mostly rinderpest immune and 
in the case of Samburu, are also pleuro-pneumonia immune or suspect. 

The protective vaccination of whole herds is therefore unnecessary, and in 
the case of inferior animals very undesirable; instead it should be limited to 
selected young stock. 

The breeding of this selected young stock should be controlled in every 
possible way, for example, by a reduction in the number of bulls, and by putting 
heifers in calf a year later than at present; in the aggregate this delay in breeding 
would cause a reduction of one year’s increase by limiting the number of heifers 
selected for breeding. The inferior ones should be disposed of or destroyed at 
birth. 

The present stock will have been eliminated naturally by death in the course 
of the next ten years. This elimination could be hastened if a suitably situated 
meat factory were available, e.g., at Garissa. 

Efforts should be made to re-orientate the stockowner’s outlook more to 
agricultural pursuits by the conservation of water and the growing of foods and 
forage crops, and by demonstrating the advantage of smaller, more highly pro- 
ductive herds, free of disease. 

This improvement could best be effected by trained personnel working 
amongst the people and little can be expected from the centrally situated Animal 
Husbandry Centres. These centres should be solely for the training of native 
personnel which would be stationed in the various areas, in charge of locally pur- 
chased herds or of herd units supplied by the Training Centre and for training 
tribesmen, who would return to their own localities to spread the teaching they 


received. The herds would be run in accordance with a declared policy and ° 


moving and living with the native herds the resulting improvements would be con- 
stantly present for all to note. 

The present system of centres is unsatisfactory because their conditions are 
exceptional and because they rely on visits from interested natives for the demon- 
stration of their policy instead of taking their knowledge to the people themselves. 
The centres should remain as training centres only. 


: REFERENCE 
Harris and Samson, Govt. Printer, Nairobi: The Tana River Expedition. 
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DIFFERENTIAL STAINING OF SPERMATOZOA 


By C. KRISHNA RAO 
Deputy Director of Animal Husbandry, Andhra, Madras, 8 


DIFFERENTIAL Staining of sperm is of great value in the study of the affinity 
of the different parts of the sperm cell to various biological stains, acidic and 
basic. This technique also brings out in a striking manner the morphology of 
sperm and such preparations are generally superior to those obtained with single 
stains. 

Williams (1937) and Williams and co-workers (1934) recommended the 
following differential staining techniques for bull sperm :— 

1. Staining smears in 1 per cent aqueous solution of Wollschwarz followed 

by counterstaining by Loeffler’s methylene blue. 

2. Staining with 0.25 per cent aqueous solution of crystal violet followed by 
counterstaining with 1 per cent aqueous rose bengal. 

3. Staining with a mixture consisting of one part of saturated alcoholic 
eosin B, two parts of carbol fuchsin and one part of 95 per cent alcohol 
followed by counterstaining with Loeffler’s methylene blue. 

Holbert (1936) advocated 0.5 per cent aqueous gentian violet counterstained 
with 1 per cent aqueous rose bengal for human sperm, and Frank (1940) applied 
this technique to bull sperm. Greenberg et al. (1943) recommended a methyl 
green-pyronin mixture for differential staining of human sperm, and this method 
was found to be quite satisfactory by Macleod and Hotchkiss (1946). Hotchkiss 
(1944) and Keaty and Hamblen (1945) used eosin-hematoxylin and fast green for the 
differential staining of human sperm. Lane-Roberts et. al. (1948) recommended 
hematoxylin followed by eosin. Isenberg (1949) used carbol fuchsin mixed with 
equal parts of 95 per cent. alcohol followed by counterstaining with methylene 
blue for human sperm. Rao and Berry (1950) advocated Weigert’s iron hema- 
toxylin followed by counterstaining with 1 per cent aqueous safranin. 

It was felt desirable to test a wider variety of stains to determine their 
suitability for the differential staining of sperm. Further, no differential stains 
appear to have been reported for avian sperm, and it is, therefore, necessary to 
ascertain how the avian sperm react to the several differential staining techniques. 

Materials and Methods 

The semen of the buffalo-bull, the bull and the rooster were used for this 
study. The spermatozoa from the tail of the epididymis of the following species 
were also studied—the boar, ram, buck and stallion. Semen smears were always 
stained fresh or within a couple of days after preparation. Simple air-drying was 
used to fix the smears. 

A large number of basic stains were studied to determine whether they would 
allow for counterstaining with the basic staining itself remaining undisturbed. 
When clearing was necessary the smears were treated with a saturated aqueous 
solution of chlorazene for 15 seconds. A wide variety of acid stains of different 
colours were also studied to determine at what concentration and exposure they 
give the best counterstaining in combination with the different basic stains. For 
the differential staining of sperm, smears were first stained with the basic stain 
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for the requisite period, washed in water and then counterstained for the required 
length of time, washed again in running tap water and dried. 
Results 
For the sake of convenience the results of this study are presented under the 
following headings :— 
I. Studies on the counterstains for differential staining. 
II. Studies on basic stains for differential staining and counterstains suit- 
able for these. 
I. Studies on the Counterstains for Differential Staining 

The counterstains studied are grouped for the sake of convenience into 
different classes on the basis of their colour. 

(a) Red Counterstains : 10 per cent aqueous solution of acid fuchsin, 5 per 
cent aqueous solution of eosin Y, 1 per cent aqueous erythrosin B, 1 per cent ethyl 
eosin in 95 per cent ethyl alcohol, 1 per cent aqueous mercurochrome and 1 to 2 
per cent aqueous rose bengal gave very good counterstaining at } to 4 minute 
exposure. 5 per cent aqueous solutions of eosin B, and phloxine gave good 
results at 4 to 1 minute staining. 1 per cent aqueous erythrosin A gave satis- 
factory staining at 2 minutes exposure, while 5 per cent solution required } to 4 
minute staining. Of all the red stains acid fuchsin, erythrosin B, mercurochrome 
and rose bengal gave the best results. 

(b) Orange Counterstains: 2 per cent aqueous congo red, 5 per cent 
aqueous congo rubin and saturated aqueous solution of orange G, and 1 per cent 
benzopurpurine 4B in 95 per cent alcohol gave satisfactory counterstaining at 4 
to 1 minute exposure. Of these, congo rubin and benzopurpurine gave the best 
results. 

Of the orange basic stains 5 per cent phenosafranin proved satisfactory at 1 
to 2 minutes exposure. The various formulas of safranin also gave good 
counterstaining at } to 1 minute exposure. Babe’s aniline safranin was the best 
requiring } to 4 minute staining. 

(c) Blue Counterstains : Of the blue acidic stains 1 per cent aqueous solu- 
tions of aniline blue w.s., blue de Lyon, china blue, soluble blue and 5 per cent 
aqueous trypan blue gave the best results at 4 to 1 minute exposure. 1 per cent 
aqueous cotton blue and opal blue (Bresslau) stock stain diluted 1:5 with distilled 
water gave excellent results at 4 to 4 minute staining. Of the blue stains cotton 
blue and opal blue gave the best results followed by aniline blue and china blue. 

Of the blue basic stains 1 per cent night blue in 90 per cent alcohol and 1 per 
cent aqueous Victoria blue gave excellent counterstaining at } to 4 minute 
exposure. Loeffler’s methylene blue gave satisfactory results at 1 to 2 minutes. 

(d) Green Counterstains: 5 per cent aqueous solution of fast green FCF. 
and 1 per cent solution of the same stain in 80 per cent alcohol gave excellent 
results at 4 to 4 minute exposure. 5 per cent aqueous light green SF. gave 
satisfactory counterstaining at 4 to 1 minute exposure, while 1 per cent aqueous 
acid green gave excellent results at 4 to 1 minute staining. 


II. Studies on Basic Stains for Differential Staining and Counterstains 
Suitable for These 
(1) Carmine, carminic acid and cochineal: Of the various formulas tried 
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aceto-carmine gave the best results at 5 to 10 minutes’ exposure. Alum carmine 
and alum cochineal gave satisfactory results at 10 to 15 minutes’ exposure. 

With the formulas mentioned above, the orange, green and blue counter- 
stains could be employed, but the best results were obtained with the blue and 
green counterstains. The orange group of stains gave satisfactory results, the 
sperm heads taking a light to bright pink colour while the rest of the sperm took 
a deep orange or safron colour, the cytoplasmic components of the sperm cell 
taking a distinctly different shade of colour from the head. When the blue 
counterstains were used the cytoplasmic cap, the cytoplasmic drops in the case 
of epididymal sperm, the neck and the tail of sperm, all took a bright blue colour 
and provided excellent contrast to the pink-stained heads. When green stains 
were used, the above-mentioned cytoplasmic components took a bright green 
colour with light green and acid green, whereas with fast green they took a bluish 
green colour 

With the rooster sperm, the head proper took a bright pink colour while the 
neck, tail and the anterior pointed structure at the tip of the head called the 
acrosome took the colour of the counterstain. 


(2) Haematoxylin and hematin : Harris hematoxylin gave very good staining 
at 4 to 1 minute exposure. Ehrlich’s hematoxylin, alum hematoxylin, Delafield’s 
hematoxylin and Weigert’s iron hematoxylin, all gave very good staining at about 
3 minutes’ exposure. Mayer’s acid hemalum required 3 to 5 minutes’ staining. 
Of the six formulas mentioned, the best type of differential staining was obtained 
with the last four. With Harris and Ehrlich’s hematoxylin, in view of the tails 
staining deeper than the heads a slightly longer period of counterstaining was 
needed to bring about clear differentiation. Of the last four formulas Weigert’s 
iron hematoxylin gave by far the best type of differential staining. 

The red counterstains gave the best results in combination with hematoxylin 
in view of the good contrast between the red and bluish violet colours. When the 
red counterstains were used, the sperm heads took a deep bluish violet colour or 
blackish violet colour (in the case of Weigert’s formula) while the cytoplasmic 
components of the sperm cell took a bright red colour. The next best type of 
differential staining was obtained with the orange counterstains. The green and 
blue counterstains could also be used, but results were generally inferior to those 
obtained with the other groups of counterstains. 

In the case of the rooster sperm, the head proper took the hematoxylin stain 
while the neck, tail and the acrosome of the head took the colour of counterstain. 


(3) Orcein: Two per cent orcein in 70 per cent glacial acetic acid (aceto- 
orcein) produced brownish red staining of the sperm at 3 to 5 minutes’ exposure. 
With the aceto-orcein preparations all the four groups of counterstains could be 
employed. When the red counterstains were used the sperm heads took a 
brownish red colour while the cytoplasmic components took a bright red to a 
deep pink colour. The colour taken by the cytoplasmic constituents varied with 
the type of counterstain used, whether orange, blue or green. With the rooster 
sperm, the head proper took a brownish red colour while the acrosome and the 
other cytoplasmic structures took the colour of the counterstain. 
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(4) Safranin : All the different formulas of safranin were found to give satis- 
factory differential staining in combination with suitable counterstains. How- 
ever, of all the formulas tried Babe’s aniline safranin gave the best type of stain- 
ing at } to 4 minute exposure. 1 per cent aqueous safranin, the aniline safranin 
formulas and carbol safranin, all gave satisfactory staining at 4 to 1 minute. 
Preliminary clearing of smears was essential to avoid background staining. 

With the safranin formulas, the best type of differential staining was 
obtained in combination with the blue and green counterstains. The greenish or 
bluish stained cytoplasmic components contrasted very nicely with the deep safron 
or reddish safron sperm heads and sperm morphology was delineated with excep- 
tional clarity. In the case of the avian sperm the head proper took a reddish 
safron colour while the cytoplasmic components mentioned earlier took the colour 
of the counterstain. 

(5) Crystal violet, Methyl violet, Gentian violet and Dahlia violet: With 
these stains preliminary clearing of smears is essential to avoid background 
staining. When smears stained with crystal violet were later counterstained for 
15 seconds with any of the red stains, the primary bluish violet staining remained 
undisturbed, while at longer exposures the violet staining got diluted with the 
red colour uniformly all over the sperm cell and the sperm appeared reddish 
violet. With still longer periods of counterstaining, the violet colour was com- 
pletely replaced by the red colour. The same type of results were obtained with 
the other groups of counterstains as well. Crystal violet was, therefore, unsuit- 
able for the differential staining of sperm. The avian sperm also reacted in the 
same manner as mentioned above. Methyl violet, gentian violet and dahlia violet 
also gave the same type of results as crystal violet and were also unsatisfactory 
for differential staining. 

(6) Basic fuchsin: No differential staining could be obtained with formulas 
of basic fuchsin in combination with counterstains. When any of the blue or 
green counterstains were used, the tails of sperm were found to take a blue or 
green colour at exposures of 15 seconds and less, while the sperm heads took a 
dull pink colour and the outline of sperm heads hazy and sperm morphology 
lacked clarity. The haziness about the sperm head appears to be due to partial 
dilution of the pink colour of the head with the colour of the counterstain. With 
longer periods of counterstaining the pink staining of the head was completely 
replaced by the colour of the counterstain. Basic fuchsin was therefore considered 
unsuitable for the differential staining of sperm. 


(7) Victoria blue: After primary staining with 1 per cent aqueous Victoria . 


blue for 4 to 1 minute, when smears were counterstained with any of the red or 
orange counterstains for 15 seconds, the blue staining of sperm was quickly 
replaced by the colour of the counterstain and no differential staining could be 
obtained. 


Summary 
Several biological stains, both acidic or cytoplasmic and basic or nuclear, 
were tried to determine their suitability for the differential staining of the sperma- 
tozoa of farm animals. Carmine, cochineal, hematoxylin, orcein and safranin 
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proved to be most satisfactory among the basic stains for the primary staining 
of sperm. 

A large number of acidic stains proved very satisfactory as counterstains, 
rose bengal, mercurochrome, erythrosin B and acid fushsin being the best among 
the red counterstains. Congo rubin and benzopurpurine B were the best among 
the acidic orange counterstains, while the basic stain safranin also gave excellent 
orange counterstaining. Cotton blue, opal blue, china blue and aniline blue gave 
excellent blue counterstaining among the blue cytodilitiplasmic stains. Of the blue 
nuclear stains, night blue and Victoria blue gave excellent counterstaining. 
Among the green counterstains, fast green and acid green gave the best results. 

Of the carmine group of stains aceto-carmine gave the best type of differential 
staining followed by alum carmine and alum cochineal. With these stains the 
best type of differentiation was obtained with the blue and the green counter- 
stains, the sperm heads taking a bright pink colour while the rest of the sperm 
took a blue or green colour depending on the counterstain used. The cyto- 
plasmic cap was brought out very distinctly, and also the cytoplasmic drop in the 
case of epididymal sperm and these structures along with the neck and tail took 
the acidic cytoplasmic stain and were demarcated very clearly. 

Two per cent orcein in 70 per cent glacial acetic acid also gave excellent 
results. With aceto-orcein the blue and green counterstains gave the best 
differentiation. 

Of the hematoxylin formulas, Weigert’s iron hematoxylin, alum hematoxylin, 
Delafield’s hematoxylin and Mayer’s acid hemalum proved most satisfactory. 
The red counterstains gave the best type of differentiation with hematoxylin 
formulas, followed by the orange counterstains. 

Safranin also gave very good differential staining, the best results being 
obtained in combination with the blue and green counterstains. Babe’s aniline 
safranin was the best but other formulas of safranin were also satisfactory. 

Crystal violet, methyl violet, gentian violet, dahlia violet, basic fuchsin and 
Victoria blue were all unsatisfactory for differential staining, as the primary basic 
stains. 

With all the formulas that gave satisfactory differential staining the sperm 
head took the primary nuclear stain while the cytoplasmic components of the 
sperm cell like the cytoplasmic cap, the neck and the tail took the colour of the 
counterstain. The cytoplasmic cap was brought out very distinctly by all these 
techniques. The cytoplasmic drops in epididymal preparations also took the 
colour of the counterstain. In the case of the rooster sperm, the head proper 
took the primary nuclear stain while the pointed process at the anterior end of 
the head, popularly known as the acrosome, took the secondary cytoplasmic stain 
along with the other cytoplasmic structures like the neck and tail. 
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THE PASSAGE OF ACETATE ACROSS . THE 
PLACENTA AND ITS UPTAKE BY THE 
FOETAL SHEEP 


By R. SCARISBRICK* and P. D. STORIE PUGH{ 
From the Department of Animal Pathology, University of Cambridge 


Acetate Uptake by Fetus 

IT is recognised that a large amount of the energy requirements of ruminants 
is met by the oxidation of acetate resulting from microbial degradation of food 
within the rumen (see Elsden and Phillipson, 1948; Marston, 1948; Schambye and 
Phillipson, 1949; Kiddle, Marshall and Phillipson, 1951). It is generally 
considered that although volatile fatty acids (V.F.A.), other than acetic, are pro- 
duced by this process, and appreciable amounts of formic acid are normally 
present in blood (Annison, 1954), most of the V.F.A. in the systemic circulation 
is acetic acid (Reid, 1950; McClymont, 1951a). Since a number of tissues and 
organs of the ruminant have been found capable of metabolizing substantial 
quantities of acetate, it is desirable to know to what extent, if any, the foetus 
participates in the metabolism of acetate. 

The weight of the foetus and its nutritional demands become an appreciable 
fraction of those of its mother towards the end of pregnancy (Barcroft, 1946a) at 
which time hypoglycemia and hyperketonemia are common (Fraser, Godden, 
Snook and Thomson, 1938). If the glucose status of the ewe determines in any 
way the proportion of fatty acid which is converted to acetoacetate (Recknagel 
and Potter, 1951; Lehninger, 1952), then it is important to ascertain whether the 
foetus at this stage also metabolizes an appreciable part of the acetate available 
to the mother. If this is not the case then it is conceivable that any tendency 
towards hypoglycemia and ketonemia in the maternal metabolism may be 
accentuated. 

If the foetus is to use appreciable amounts of acetate, not only must the feetal 
tissues be capable of metabolizing acetate, but it must cross the placenta at a 
sufficient rate (Goldwater and Stetten, 1947). Popjaék and Beeckmans (1950) 
demonstrated that the foetus was able to use acetate, but they considered that the 


primary source of energy in the foetus must be carbohydrate. They have shown , 


that a part of the C'4 of isotopically labelled acetate added to the maternal 
circulation of the pregnant rabbit could be recovered in cholesterol and fatty 
acids isolated from the foetus. Porak (1894) noted that acetate can cross 
the placenta. He demonstrated this qualitatively in the rabbit. The problem to 
be solved is whether, in view of the low concentration of acetate normally present 
in the maternal arterial circulation of the sheep (mean about 9 mg./100 ml.), the 
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acetate can cross fast enough to make a sizeable contribution to the energy 
requirements of the fcetus. 

Information on these points can be obtained by comparing the composition 
of umbilical vein (U.V.) blood with that of umbilical artery (U.A.) blood. 
Previous investigations on the supply of energy-giving nutrients to the foetus by 
this technique (Hitchcock, 1949) have not been concerned with the utilization of 
acetate by the foetus since in experimental surgery of the sheep, such as is required 
for experiments on the foetus, it has been the practice to withhold food for 24 
hours before the operation in order to reduce the bulk of the rumen and to lessen 
the risk of regurgitation of ruminal contents. This entails a reduction of ruminal 
fermentation and is reflected in a marked decrease in the acetate content of the 
blood (Reid, 1950; McClymont, 1951b; Annison, 1954), which would presumably 
greatly reduce whatever transfer of acetate normally occurs across the placenta 
and leave a deficiency to be made good by other nutrients. 

To overcome this difficulty the acetate content of the rumen was raised in 
the earlier experiments by injecting acetic acid into it. Suitable blood levels 
could not be obtained satisfactorily in this way so the method of continuous 
intravenous infusion of acetic acid was adopted. 

Methods ’ 

The data in this paper have been obtained from experiments on nine normal 
ewes and on four ewes with clinical ketosis. The nine normal crossbred ewes, 
previously served by a Suffolk ram, had been running at pasture without supple- 
mentary feeding. At the time of the experiment they were in fair bodily condi- 
tion. The data obtained relate to foetuses varying from 132-142 days of age. 

The ewes were housed the day before operation, weighed and deprived of 
food for 20 hours. In the first four animals acetic acid (200 ml. of a 3M solution) 
was injected into the rumen, and then anesthesia was induced by intravenous 
injection of Nembutal (Pentobarbitone Sodium B.P.; Abbott). Nembutal 
anesthesia was used for the first seven experiments, and then it was rejected in 
favour of epidural anesthesia. For this 7-10 ml. of 3 per cent procaine hydro- 
chloride followed by 2-3 ml. 97 per cent ethanol was injected epidurally via the 
lumbo-sacral articulation. In the last five animals a high blood level of acetate 
was maintained by continuous injection of acetic acid in saline into the external 
saphenous vein following an initial intravenous injection of 100 ml. of acetic acid 
solution in order to raise quickly the maternal circulating acetate to a suitable 
value. 

In the earlier experiments the cesophagus was ligated to prevent regurgitation 
and inhalation of rumen contents, but later it was found to be more convenient to 
perform tracheotomy under local anesthesia and insert a wide tube into the 
trachea. 

The carotid artery of the ewe was exposed under local anesthesia. At the 
same time an abdominal incision, 6 in.-8 in. long was made about 4 in. from the 
linea alba and just lateral to the left mammary vein. The uterus was brought to 
the opening and a 4 in. incision made into it, care being taken to avoid cutting 
any of the underlying cotyledons or the foetal membranes. Thermocautery only 
was used in the last two experiments, and proved very satisfactory. The exact 
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position of the foetus was determined by digital palpation. The foetal membranes 
were sutured to the edges of the abdominal wound and incised. By this means, 
little foetal fluid was lost and the foetus was kept immersed and in the uterus 
throughout the experiment. The umbilical cord was brought into the incision 
without compressing or kinking the umbilical vessels, the integument was incised, 
and blood samples were taken from the cord with the precautions described by 
Barcroft (1946b). The samples were taken as nearly simultaneously as possible 
from the umbilical artery and vein and from the ewe’s carotid artery. All glass 
syringes, which had been previously rinsed with a 10 per cent solution of heparin, 
were used. A live lamb was delivered after sampling in each case. The lambs 
from the ewes under Nembutal anesthesia were comatose, a disadvantage which 
did not occur when the experiments were carried out under epidural anesthesia. 

The blood samples were transferred immediately to bottles containing 
sufficient potassium oxalate to prevent clotting and a layer of liquid paraffin to 
prevent exchanges of gases between blood and air. The concentrations of acetate 
and total ketone bodies were determined in the maternal carotid blood and in the 
blood of the umbilical vein and artery of the foetus. Determinations of oxygen 
content were made on the same samples whenever possible. 

V.F.A. were determined by the method of Scarisbrick (1952). Ketone body 
concentrations were determined as acetone by a modification of the method of 
Greenberg and Lester (1944) and have been expressed as mg. acetone measured 
per 100 ml. blood. Determinations of oxgyen content and oxygen capacity were 
carried out by the method described by Peters and van Slyke (1932). Oxygen 
capacity was measured only in blood from the umbilical vein. The hemoglobin 
contents of the umbilical vein and artery were compared by the rapid acid hematin 
technique (King, 1947); the differences were always so small that the results were 
practically the same whether umbilical vein oxygen capacity or a corrected value 
was used to establish the percentage saturation of the umbilical artery. 

In addition samples were obtained under epidural anesthesia from four cases 
of clinical ketosis to provide information on the placental transmission of ketone 
bodies and on the possible utilisation of ketone bodies by the foetus in hyper- 
ketonemic conditions of the ewe. 

Results 

The uptake of any substance from the blood by any part of the body is given 
by the product of the blood flow through the part and the difference between the 
amount of the substance in the afferent blood and the amount in an equivalent 
volume of efferent blood. The arteriovenous (A.V.) difference is an accurate 


measure of this difference except when it is small by comparison with the arterial ° 


value; then any difference in water content between arterial and venous blood may 
introduce serious error. As can be seen from the present results on the foetus 
and those of other workers on different ruminant tissues, A.V. differences of acetate 
are so high compared with the arterial level that for all practical purposes hemo- 
concentration effects can be neglected. 

The results of the acetate determinations are given in Table 1. This shows 
that whenever the U.V. acetate exceeded 1.0 mg./100 ml. there was more acetate 
in the blood of the U.V. than in the U.A. Therefore acetate was being removed 
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from the circulating foetal blood and being replenished from the placenta. A 
single such result could be attributed to movement of acetate into the foetus in 


TABLE 1 
Acetate concentration in maternal and feetal circulation. 
Ewe |Stage of No. of Acetate 
No. peepeney foetuses (mg/100m1, blood) 
days 
Carotid | Umbilical | Umbilical} Arterio- ‘Placental 
artery |vein artery venous Transfer 
(Ewe) difference | Quotient" 
(U.V.-U.A. )] UV. = UA. 
C.A. - ULV. 
1 182 2 4.8 1.7° 12 + 0.6 0.19 
3.0 2.9 + 0.1 0.056 
2 139 1 18.0 4.6 3.6 + 1.0 0.075 
3 140 2 - 9.6 7.2 + 2.4 - 
4 141 2 3.35 1.0° 3 - 0.3 = 
3.2 2.6 15 +15 2.26 
5 142 2 3.5 9 1.6 + 0.5 0.19 
6 132 2 51.4 12.2 7.8 + 4.4 0.11 
7 141 2 7.1 1.0 Ls - 0.5 - 
8 140 1 14.4 2.75 2.2 + 0.55 0.047 
9 142 2 35.9 4.2 2.45 + 1.75 0.055 
” In these two cases samples were taken from both foetuses 


response to physical factors, such as transmission to foetal fluids, but the constancy 
of the direction of movement of acetate and the magnitude of the quantities 
involved in these experiments indicate the greater probability that acetate was 
being metabolised by the foetus under these conditions. 
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In Fig. 1 these A.V. differences have been plotted against the level of acetate 
prevailing in the U.V. It can be seen that as the concentration of acetate in the 
U.V. increases, so does the A.V. difference widen. In increasing the utilisation of 
acetate as the blood level is raised, the foetus behaves in a similar way to other 
tissues which have been investigated. 

The acetate removed from the fcetal blood must be replaced from the maternal 
circulation by way of the placenta. The acetate level in the foetus might there- 
fore be expected to be related to the acetate level in the maternal circulation. In 
Fig. 2 the U.V. acetate has been plotted against the arterial acetate of the ewe. The 
two concentrations appear to be linearily related, the concentration of acetate in 
the blood supplying the foetus being about 1/5 of the that of the arterial maternal 
blood. From this point of view the tissues of the foetus are at a disadvantage as 
far as utilisation of acetate is concerned in comparison with maternal tissues. 
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In the next figure (Fig. 3) the two previous graphs are combined to give the 
curve of greatest practical significance, ie., the relationship between the fcetal 
uptake of acetate and the prevailing maternal arterial concentration. As would 
be expected, the foetal uptake rises as the maternal level increases. The acetate 


content of the arterial blood of sheep on a grass or hay diet varies from about - 


6 mg. to 12 mg./100 ml. with a mean value of about 9 mg./100 ml. The corre- 
sponding acetate A.V. difference in the umbilical cord would then vary from 
0.2 mg./100 ml. to 0.6 mg./100 ml. 

Two major difficulties attend this work. In the first place all the methods 
available for the determination of acetate suffer when applied to small amounts 
of material in which the concentration of acetate is low. The figures quoted are 
the means of as many repetitive analyses, sometimes five, as the amount of blood 
available would allow and, since the curves represent a very large number of 
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determinations, it is probable that the differences shown are real. Secondly, a 
major surgical operation must be carried out in order to obtain the samples 
required and it is desirable to seek some assurance that the transfer function of 
the placenta has not been unduly influenced by the procedure. Determinations 
were made therefore of the oxygen content and degree of oxygen saturation of the 
blood in the carotid artery of the ewe and in both the fcetal vessels. It will be 
seen from Table 2 that the oxygen percentage saturation of the foetal blood was 
low in comparison with the highest reported values (Barcroft, 1946c); nevertheless, 


TABLE 2 
Transfer of oxygen to the fcetus. 


Bwe No.} Blood Vessel Haemoglobin C0g 02 02 % Oxygen uptake 
(arbitrary Content Content Capacity Saturation (m2./100m1, ) 
units) | (m1./100m1.) | (mi. /100m1.) |{ml./100m1. ) 

F) Umbilical vein - - 2.34 11.2 21.0 1,22 
Umbilical artery - - 1.12 - 11.0 
Umbilicel vein - - 4.87 1.5 42.0 2.75 
Umbilical artery - - 2.12 - 18.0 

4 
Umbilical vein - - 6.05 12.5 49.0 2.68 
Umbilical artery - - 3.57 - 27.0 

5 Umbilical vein - - 5.14 - 40.5 1.82 
Umbilical artery - - 5.52 12.7 26.0 
Carotid (Ewe) 464 34.4 6.55 - 58.0 

6 Umbilical vein 666 46.9 3.15 - 18.3 1.75 
Umbilical artery 636 48.4 1.38 17.08 8.1 
Carotid (Ewe) 451 51.8 10. 95 12.7 86.0 

7 Umbilical vein 676 52.8 6.27 19.9 31.5 } 15 
Umbilical artery 685 54.2 4.77 20.2 23.6 
Carotid (Ewe) 534 - 4.9 14.4 103.0 

8 Umbilical vein 695 47.0 7.48 18.7 39.0 4.78 
Umbilical artery 720 53.2 2.7 19.3 14.0 


the foetuses were alive and using oxygen and oxygen was being transferred across 
the placenta. 

Some observations on the behaviour of ketone bodies in the blood of the 
ewe and foetus were made, the results of which are shown in Table 3. Snook and 
Godden (1938) were unable to demonstrate ketone bodies in the blood of lambs 
at birth and suggested that either the placenta is impermeable to ketone bodies or 
is capable of metabolizing them. Sampson, Morrill and Alberts (1945) have 
shown that ketone bodies can occur in the feetal circulation of the sheep. They 
reported values of 20.6 and 20.3 mg./100 ml. in twin foetuses from a ewe with 
pregnancy toxemia in which there was a ketone body level of 95.6 mg./100 ml. 
Table 3 shows that the A.V. differences were very small and it seems unlikely that 
the oxidation of ketone bodies provides any appreciable amount of the feetal 
energy demands. 

Fig. 4 shows the relationship between the ketone body levels in the maternal 
arterial circulation and in the umbilical vein. As the maternal level rises the 
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ratio of maternal to foetal ketone bodies decreases from about 5:1 below an 
arterial level of 10 mg./100 ml. to 3:1 above 30 mg./100 ml. 

The adult ewe is able to tolerate a venous level of about 7 mg./100 ml. ketone 
bodies without displaying any clinical signs (Sampson and Boley, 1940). It can 
be deduced from these experiments that this level would not be reached in the 
foetus until the maternal arterial level was greater than 25 mg./100 ml. 


TABLE 3 


Ketone body concentrations in the maternal and foetal circulations of normal 
ewes and ewes with clinical ketosis. 


Ewe No. Ketone Body concentrations(as mg acetone /100 ml.) 
Carotid Poetal Foetal 
artery umbilical | umbilical vea 
(Swe) vein (V.)| artery (4.) 
NORMAL 
2 4.4 17 iS + 0.4 
3 ~ 2.9 1.2 +1.7 
5 2.2 1.2 1.0 + 0.2 
6 4.6 0.9 0.4 + 0.5 
7 4.4 0.6 0.6 0 
8 4.8 0.9 1.0 - 0.1 
9 6.7 0.8 0.8 0 
CLINICAL KETOSIS 
1 29.6 10.5 10.0 «0.5 
2 53.2 13.8 - - 
5 26.5 7.6 7.9 ~60.5 
a 25.0 6.9 6.2 +0.7 
Discussion 


It has been seen that V.F.A. in the maternal circulation of the sheep is 
accompanied by V.FA. at a somewhat lower, though proportional, level in the 
foetal circulation. When the V.F.A. level of both ewe and foetus is high because 
of the introduction of acetic acid into the maternal circulation, there is a very 
strong presumption that most of the circulating V.F.A. in both systems is acetic 
acid. When the V.F.A. level of both is low, as during starvation, there is less 
a priori justification for this belief. Annison (1954) analysed the blood of the 
sheep during starvation and found that formic and acetic acids predominate. The 
method of determination used discriminates against formic acid, and there is good 
reason to believe that the figures quoted for V.F.A. refer mainly to acetic acid. 

It has been demonstrated that acetate can pass into the foetus at an appreciable 
rate. A part of this will sometimes be due to the readily diffusible acetate distri- 
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buting itself in physical solution in the water phase of the foetus in response to 
rising maternal acetate concentration; but, except at times of rapid changes in 
maternal acetate concentrations, the bulk of acetate disappearing into the fcetus 
will be metabolised. 

This quantity of acetate may reach the foetus via the placenta by some 
transfer mechanism or by some secretory mechanism, or it may be manufactured 
by the placenta. Simple diffusion is considered to be adequate to explain the 
passage of oxygen to the foetus (Huggett, 1927), and it is the simplest mechanism 
that can be invoked to explain the transfer of those readily diffusible substances 
which occur in greater concentration in the maternal plasma than in the feetal 
plasma. The latter condition holds for all the acetate values obtained. Further- 
more, there is a rough proportion between the acetate level in the maternal circula- 
tion and both the umbilical vein level and the foetal uptake. The foregoing 
suggests that acetate might reach the foetus by a process of simple diffusion. 


TAriE 4 


Placental Transfer Quotient fer oxygen crossing the placenta of the sheep. 
Calculated from the data of Barron (1946). 


Stage of | Oxygen Foetal arteriovenous Concentration Placental 
pregnancy capacity oxygen difference difference Transfer 
of across Quotient 
foetal placenta 
blood 
(days) | (ml./100m1.) [U.V.% sat] U.V.-U.A. [ULV.-0.RY 
PU.A.% sat.(ml./100ml.)} (mif/2.) | (mm.Hg)} (a/2.) 
81 13.8 26 5.59 1.60 121 0.0149 107 
86 13.5 37.5 4.98 2.22 18 0,0245 91 
97 15.4 56.7 5.65 2.52 25 ©,0312 81 
107 12.75 47 6.00 2.68 56.5 | 0.0493 54 
no 12.2 27 3.59 1.51 42 0.0567 27 
ns 16.9 26.5 4.48 2.00 42 0.0567 35 
126 12.7 26 5.30 1.48 44.5 | 0.0601 25 
1382 18.1 20.7 3.75 1.68 41.5 | 0.0561 so 
147 13.7 20 2.74 1.22 So 0.0676 18 


By considering further the passage of diffusible substances across the placenta 
the behaviour of acetate can be compared in greater detail with those of other 
substances of low molecular weight which have been studied. The simplest 
mathematical expression for the diffusion of any substance across the placenta is 
obtained by using Fick’s law in which case the rate of diffusion would be pro- 
portional to the concentration gradient existing between the maternal and fetal 
circulations. To what extent arterial or venous blood on the two sides of the 
placenta should be considered in establishing the concentration gradient is not 
always apparent but, as will be seen later, it is a problem of small significance and 
the average of the arterial and venous concentration of materials will in general 
be used. 
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The quantity, Q, of a substance which would diffuse in this way across the 
placenta in a time, t, is given by the equation: — 


Ne ssccsesicies (1) 


where K is the diffusion constant of the substance, A represents the opposing 
areas available for diffusion and d the distance separating them: in the case of 
the placenta A and d_ tend to be mathematical abstractions reflecting the overall 
conditions, c,, and c, are the mean plasma concentrations on the maternal and 
foetal sides. 

This quantity (Q) passes into the fcetal circulation raising the amount in the 
foetal blood from that in the umbilical artery, q, , to that in the umbilical vein q, , 
and is transported away to the fcetus, i.e. :— 


FS a SO) & Seapeeer (2) 
where f is the rate of foetal blood flow through the placenta (units of u.v., u.a. and 
f must be compatible amongst themselves and with t). 
Combining equations (1) and (2):— 


K.A. (Gna 8e): (t=qu.v — qu.a.)- fit. 
Rearranging 
(qu.v mak G..). A 
ee) — 
(Cm - Cr) * an 
= K.P. 


The quantity on the right hand side has been reduced to two components, a 
physical constant of the diffusing material, K, and a biological function, P, repre- 
senting the placental structure; on this simple hypothesis P should be a constant 
when the diffusion of different substances across the same placenta at the same 
time are compared. The quotient on the left hand side, termed for convenience 
the Placental Transfer Quotient (P.T.Q.) of any substance relates the rate at which 
that substance crosses the placenta to the difference in concentrations of it across 
the placenta. It has the dimensions of a number if units are compatible and it 
is useful, as will be seen later, in comparing the behaviour of different sub- 
stances crossing the placenta. Under conditions where P is constant the P.T.Q. of 
different substances will be proportional to their physical diffusion constants if 
they are passing by simple diffusion. 

Values for the Placental Transfer Quotient for oxygen transfer in sheep can 
be derived from the data of Barron (1946) by conversion of units in the following - 
way: 1mM. oxygen occupies a volume of 22.4 ml. so division of ml. 0, per 100 ml. 
by 2.24 transforms the units to mM/1. The solubility of oxygen in plasma may 
be taken as 2.3 ml./100 ml. plasma (ie., 1.03 mM/1) when the pressure is 
760 mm. Hg. A pressure of oxygen in blood of 1 mm. Hg. corresponds there- 
fore to a plasma oxygen concentration of 0.00135 mM/1 (i.e., 1.03 mM/1 + 760). 
The oxygen combined with hemoglobin, though much greater in amount than the 
oxygen in the plasma, exists at the same pressure as, and serves simply as a buffer 
to, the concentration of oxygen in the plasma. 


XUM 
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The conversion of the data has been made in Table 4. The table shows that 
the Placental Transfer Quotient for oxygen falls during the early period of 
pregnancy from 107 at 81 days to 27 at 110 days and remains thereafter approxi- 
mately constant: the average of values on this date and after is 27. 

The data obtained for the transfer of oxygen across the placenta in the 
present experiments are not sufficient to enable a similar calculation to be made; 
however, an inspection of the data shows that the situation is fairly similar. 
Rather lower figures were obtained for the passage of oxygen to the fcetus in the 
present experiments, but there was also a tendency for the maternal oxygenation 
to be low so that there is no reason to consider that there was any very serious 
impediment to placental transfer in the present experiments and the Placental 
Transfer Quotient was probably of the same order as that above. It will be 
legitimate, therefore, to compare, at least as regards order of magnitude, the 
Placental Transfer Quotient for oxygen in Barron’s experiments with the quotient 
for acetate transfer in the present experiments. 

Values for the Placental Transfer Quotient for acetate are given in Table 1. 
In calculating the concentration difference across the placenta the acetate concen- 
trations in maternal arterial blood and umbilical vein blood were used in place of 
values for plasma concentrations. A few preliminary determinations on the blood 
of sheep had indicated that acetate is distributed evenly between corpuscles and 
plasma, and Annison (1954) has shown that whole blood and plasma concentra- 
tions of acetate in a sheep are very similar, but even if this view should later 
require modification the values for Placental Transfer Quotient would need to be 
scaled down only by 50 per cent at most. The values of Placental Transfer 
Quotient for acetate range from 0.056 to 0.19 except for one aberrant value of 2.2, 
which, situated some 30 standard deviations from the main group may be con- 
sidered to be in error. The mean of the remaining group is 0.103 with a standard 
deviation of 0.062. A value of 0.07 is obtained by using Figs. 1-3. For subse- 
quent discussion a value of 0.1 will be used; this value is exceeded some 270 times 
by the value for oxygen, showing that oxygen passes across the placenta more 
easily than acetate. 


This difference is so striking that the authors would like, with some diffidence, 
to advance a calculation which would enable the passage of the sodium ion across 
the placenta of the goat to be presented for comparison in the same way as oxygen 
and acetate transfer in the sheep, at least as regards its order of magnitude. The 
basic assumption is that the placente of the goat and sheep are anatomically and 
functionally sufficiently similar that not only may an acceptable value of fcetal 
blood flow in the sheep (100 ml./min/kg foetus—Barcroft, 1946d) be used for 
calculations referring to the goat foetus but also that when the calculation has been 
made, a comparison of all the results will have some value. We have to weigh 
the words of caution expressed by Pohl, Flexner and Gelhorn (1941) whose results 
on the goat foetus will be used, against the similarities between these two animals 
which are known, especially the anatomical similarities of their placente as 
mentioned by Amoroso (1952), and it is hoped that the magnitude of the effect 
disclosed will justify the exercise. 
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Take as an example the greatest value in Fig. 2 of the above paper by Pohl 
et al. 3.7 units of *4Na were conveyed per hour to a goat foetus weighing 2000 g. 

If it be assumed, as above, that the foetal blood flow to the placenta was 
200 ml. per min. (12 1/hr.) the mean umbilical A-V difference of 74Na may be 


assessed as “1 =3.08 units per litre. The concentration in maternal plasma was, 


by the definition of unit by Pohl e¢ al. 1,000 units per litre. The concentration in 
foetal plasma was initially zero; the final concentration is uncertain: if the 37 units 
of *4Na had been distributed evenly in the body water of the foetus (c 0.6 1.) it 


would have been a7 = 62 units per 1. which relatively is still small. Whatever the 


final value in the foetal plasma no great error will be introduced by neglecting it 
and treating the mean foetal plasma value over the whole period as zero. The 


P.T.Q. for sodium ion is therefore oe = 0.003. 


The curve drawn by Pohl et al. relating foetal weight and 24Na transfer is 
almost a straight line passing through the origin and the particular point chosen; 
it seems therefore that the above value is representative and that the P.T.Q. for 
sodium ion is not markedly influenced by foetal weight. 

Two remarks are relevant to the calculation. First, the concentration of 24Na 
in the maternal plasma used for calculation is the concentration attained when the 
isotope had distributed itself throughout the maternal body. The maternal con- 
centration previous to this was higher, but to make any correction for this would 
be, as pointed out by Pohl and his colleagues, a very difficult matter. The effect 
of any correction, however, would be to decrease the value of the Placental 
Transfer Quotient, and since, as will be seen, its significance is that it is already 
very low, an error here will not affect the subsequent argument. 

Secondly, the experiments of Pohl et al. have been concerned with the passage 
of isotopic sodium from mother to foetus and, by linking the marking isotope 
with the concentration of sodium which it marks, they have shown that the rate 
of passage of sodium into the foetus is many times the rate at which it is incor- 
porated into the foetus and have thus demonstrated a considerable reserve of 
placental function in this respect. The possibility exists that there is a backward 
movement of sodium from foetus to mother occurring simultaneously, which, 
because of the low level of isotope in the foetus is virtually unmarked. Then the 
reserve of placental function could be drawn upon fully only when the greatest 
difference exists between these intellectually isolated forward and backward. 
reactions. Thus, for the simplest case, if sodium transfer should follow Fick’s 
law, the reserve of function demonstrated by Pohl et al. could be realised only to 
an extent proportional to the sinking of the concentration of sodium in the feetal 
plasma. 

The Placental Transfer Quotients so far found are :— 


Oxygen ... oe a is a7 
Acetate... ig ee Pr 0.1 
Sodium ion (“goat”) ... ae 0.003 
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The comparison of the values for oxygen and sodium is a spectacular one: to 
transfer sodium across the placenta at the same molecular rate as oxygen would 
seem to require a concentration gradient nearly ten thousand times as great. The 
magnitude of this difference outweights the uncertainties which surround the 
individual values and justifies the comparison made. Differences of purely 
physical diffusion coefficients (K) are far from sufficient to explain them. It is 
plain that the simplest hypothesis of diffusion across the placenta fails to provide 
an explanation of the behaviour of all of these three substances. 

Although there may be other grounds for doing so it is not possible to exclude 
a purely mechanical explanation of the transfer of these substances on this ground. 
A consideration of the real nature of the tissue separating the two circulations 
might introduce modifying circumstances; for example, it could be envisaged that 
the relatively high partition coefficient of oxygen in favour of lipoid might enable 
oxygen to pass across cell membranes readily whereas this would be difficult for 
the sodium ion whose diffusion, in keeping with its character as an extracellular 
ion, might occur to an appreciable extent only across the intercellular material; in 
such a scheme the diffusion of acetate might be expected to occupy, as it does in 
fact occupy, a position intermediate between oxygen and sodium ion. 

The original purpose of these experiments, however, was to determine what 
proportion of the metabolic needs of the foetus can be supplied by acetate. An 
answer to this lies in the ratio of acetate to oxygen passing to the foetus when the 
maternal values are normal. Values for oxygen concentration in arterial blood 
do not normally vary greatly from time to time whereas the acetate concentration 
does; nevertheless, a value of 9 mg/100 ml. (1.5mM/1) for the mean daily acetate 
concentration in the arterial blood of a fed sheep is not far from the truth. The 
ratio of acetate to oxygen passing to the foetus is given by :— 


(qu.v. — Gu.a.) acetate _ (P.T.Q.) acetate | (Cm — cr acetate) 


(quv. — qu.a.) oxygen (P.T.Q.) oxygen = (Cm — Cr Oxygen) 
Inserting in this equation typical value for oxygen and values for acetate corre- 
sponding to a maternal arterial level of acetate of 9 mg/100 ml. this becomes : — 

acetate passage (mols) _ 0.1 ‘s 0.0011 

oxygen passage (mols) 27 0.06 

= 0.068 

i.e., for every 15 molecules of oxygen passing across the placenta one molecule of 
acetate passes. Since one molecule of acetate requires for its complete oxidation 
two molecules of oxygen, it can be said that the oxidation of the acetate passing 
to the foetus at this acetate level would require for oxidation 13 per cent of the 
oxygen passing to the fcetus. 

As would be expected, if typical data are used a similar result is obtained. 
The mean arterio-venous difference of acetate to be expected in the umbilical cord 
of a foetus in a normally feeding ewe is about 0.4 mgs. per 100 ml. For complete 
oxidation this would require 0.3 ml. of oxygen. From figures quoted by Barcroft 
(1946e) the U.A.-U.V. oxygen difference for a sheep fcetus late in gestation is of 
the order of 4.5 ml./100 ml. If these two quantities are accepted as applicable to 
the pregnant animal in the normal state, then the oxidation of acetate may account 
during an average day for 6.7 per cent of the foetal oxygen uptake. In only a few 


340 THE BRITISH VETERINARY JOURNAL 


cases did the figures allow of a similar calculation, relating acetate and oxygen 
uptakes being made on individual foetuses when the acetate concentration in the 
ewe’s circulation was not markedly outside the physiological range; the results of 
these are: ewe No. 4, acetate uptake equivalent to 37 per cent of oxygen uptake; 
ewe No. 5, 12 per cent; ewe No. 8, 9 per cent. 

From the point of view of the facility with which the experimental procedure 
was carried out most confidence is felt in the results from ewe No. 8. During this 
experiment Goodwin (1954) obtained values on the same samples of umbilical 
cord blood for the arteriovenous difference of glucose (4.1 mg/100 ml.) and fructose 
(2.3 mg/100 ml.). These figures compare favourably with the mean values of 
umbilical arteriovenous differences of glucose (5.1 mg/100 ml.) and fructose 
(1.9 mg/100 ml.) obtained from nine foetuses and recorded in the literature 
selected by Goodwin (1954) as representing the most physiological conditions. 
For this reason this experiment has been set down in the form of a balance sheet 
in which the oxygen passing to the foetus is set against the oxygen equivalent of 
the glucose, fructose and acetate passing to the foetus :— 

Oxygen Acetate Glucose Fructose Total 
AV. difference 


(mg or ml./100 ml.) ams 4.5 0.55 4.1 23 = 
Oxygen equivalent 

(ml./100 ml.) ... —... 4.5 0.41 3.06 1.72 5.19 
Oxygen equivalent per cent 100 9 68 38 115 


From these experiments it is clear that, although acetate can cross the 
placenta, the level in the umbilical vessels is low under physiological conditions 
in the sheep, and the figures for acetate utilisation by the foetus suggest that acetate 
does not play quantitatively as important a role in the energetic demands of the 
foetus as it does in the adult. 

Summary 

1. The uptake of acetate by the foetus has been investigated in nine ewes at 
the end of pregnancy by direct determination, under anesthesia, of arterio- 
venous differences in the umbilical cord. 

2. Fetal blood leaving the placenta contains appreciably more acetate than 
blood returning to the placenta. 

3. The level of acetate in the foetal circulation is always considerably less 
than in the maternal circulation; the average value in the feetal circulation is about 
1/Sth of the maternal value. 

4. This seems to limit the utilisation of acetate by the foetus. The utilisa- 
tion of acetate by the foetus was tentatively estimated as equivalent to 10 per cent 
of the foetal oxygen uptake. 

5. The concentration gradient across the placenta associated with unit 
molecular rate of passage of acetate is much higher than for oxygen and lower 
than for sodium ion. This is discussed. 

6. Similar data relating to ketone body levels were obtained in these ewes 
and in four ewes with clinical ketosis. The ketone body level in the foetal circula- 
tion was 1/3-1/S5th of that in the maternal circulation, and utilisation was very 
small. 
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These experiments were made in collaboration with Dr. R. F. W. Goodwin 
who has reported the findings relating to carbohydrate metabolism (Goodwin, 
1954). We are indebted to Mr. H. Bowman and Mr. R. Kimberley for technical 
assistance. 


The work was done whilst one of us (P.D.S.P.) was in receipt of a Wellcome 
Fellowship of the Animal Health Trust, which is gratefully acknowledged. The 
cost of the sheep was defrayed by grants from the A.R.C. 


; REFERENCES 

Amoroso, E. C. (1952): Placentation. In Marshall’s Physiology of Reproduction. Vol. 2. p. 127. 
London: Longmans, Green & Co. 

Annison, E. F. (1954): Studies on the Volatile Fatty Acids of Sheep Blood with Special 
Reference to Formic Acid. Biochem. J., 58, 670-680. 

Barcroft, J. (1946a): Researches on Pre-Natal Life, p. 33. Oxford: Blackwell. 

Barcroft, J. (1946b): Researches on Pre-Natal Life, p. 192. Oxford: Blackwell. 

Barcroft, J. (1946c): Researches on Pre-Natal Life, p. 149. Oxford: Blackwell. 

Barcroft, J. (1946d): Researches on Pre-Natal Life, p. 110. Oxford: Blackwell. 

Barcroft, J. (1946e): Researches on Pre-Natal Life, p. 196. Oxford: Blackwell. 

Barron, D. H. (1946): In Bancroft, J., Researches on Pre-Natal Life, p. 285. Oxford: Blackwell. 

aga R. and Phillipson, A. T. (1948): Ruminant Digestion. Ann. Rev. Biochem, 17, 

Fraser, A. H. H., Godden, W., Snook, L. C. and Thomson, W. (1938): The influence of diet 
upon ketonemia in pregnant ewes, J. Physiol, 94, 346-357. 

ey W. H. and Stetten, de W. (1947): Studies in fetal metabolism. J. biol. Chem., 169, 

Goodwin, R. F. W. (1954): A comparative study of carbohydrate metabolism in the new-born 
mammal. Ph.D Dissertation, University of Cambridge. 

Greenberg, L. A. and Lester, D. (1944): A micromethod for the determination of acetone and 
ketone bodies. J. biol. Chem, 154, 177-190. 

Hitchcock, M. W. S. (1949): Fructose in the sheep fcetus. J. Physiol., 108, 117-126. v 

Huggett, A. St. G. (1927): Foetal blood-gas tensions of gas transfusion through the plancenta 
of the goat. J. Physiol., 62, 373-384. 

King, E. J. (1947): Micro-analysis in medical biochemistry. 1st. ed. p. 28. London: Churchill, 

Kiddle, P., Marshall, R. A. and Phillipson, A. T. (1951): A comparison of the mixtures of 
acetic, propionic and butyric acids in the rumen and in the blood leaving the rumen. J. 
Physiol., 113, 207-217. 

— A. L. (1952): Enzymic oxidation of fatty acids. Biochem. Soc. Symp., No. 9. pp. 


Marston, H. R. (1948): The fermentation of cellulose in vitro by organisms from the rumen 
of sheep . Biochem J., 42, 564-574. 

McClymont, G. L. (1951a): Identification of the volatile fatty acids in the peripheral blood 
and rumen of cattle and the blood of other species. Aust. J. agric. Res., 2, 92-103. 

McClymont, G. L. (1951b): Volatile fatty acid metabolism of ruminants, with particular 
reference to the lactating bovine mammary gland and the composition of milk fat. Aust. J. 
agric. Res., 2, 158-180. 

Peters, J. P. and van Slyke, D. D. (1932): Quantitative Clinical Chemistry. Vol. 2. p. 229. 
London: Baillitre, Tindall & Cox. . 

Pohl, H. A., Flexner, L. B. and Gellhorn, A. (1941): The transfer of radioactive sodium across 
the placenta of the goat. Amer. J. Physiol., 134, 338-343. 

Popjdk, G. and Beeckmans, M. L. (1950): Synthesis of cholesterol and fatty acids in foetuses 
and in mammary glands of pregnant rabbits. Biochem. J., 46, 547-561. 
Porak, J. (1894): Rev. prat. d’Obstet. et de Gyn., 9, 130. (cited by Needham, J. (1931). Chemical 
Embryology, Vol. 3, Table 227. London: Cambridge University Press). ’ 
Recknagel, R. O. and Potter, V. R. (1951): Mechanism of the ketogenic effect of ammonium 

chloride. J. biol. Chem., 191, 263-275. . 

Reid, R. L. (1950): Studies on the carbohydrate metabolism of sheep. II, The uptake by the 
tissues of glucose and acetic acid from the peripheral circulation. Aust. J. agric. Res., 1, 
338-354. 

Sampson, J. and Boley, L. E. (1940): The ketone bodies, sugar and calcium of the blood of 
ewes during late pregnancy. Cornell Vet., 30, 392-401. Rat . 

Sampson, J., Morrill, C. C. and Alberts, J. O. (1945): Ketonemia in foetuses of a heifer and a 
ewe affected with severe ketosis. Cornell Vet., 35, 365-369. , 

Scarisbrick, R. (1952): The determination of volatile fatty acids in blood. Biochem. J., 50, 
XXIV. 

Schambye, P. and Phillipson, A. T. (1949): Volatile fatty acids in portal blood of sheep. 
Nature, Lond., 164, 1094-1095. 

Snook, L. C. and Godden, W. (1938): The sugar and total ketone content of the blood of ewes 
and of their new-born lambs. Biochem. J., 32, 2037-2039. 


/ 


- 


THE BRITISH VETERINARY JOURNAL 


REVIEWS 


THE SOURCES OF ANIMAL BEHAVIOUR, by G. P. Wells, M.A., Sc.D., F.R.S. 
London: H. K. Lewis & Co., Ltd. Price 2s. 6d. net. 


Tuis small booklet of 20 pages is the published version of the author’s inaugural 
lecture as a Professor of Zoology in the University of London. It is a brief but 
fascinating account of some of his studies on the behaviour of Polycheete worms, 
particularly the common lugworm, Arenicola marina. The rhythmic behaviour of 
the worms, convincingly shown not to be due to external stimuli but rather to 
internal “ physiological alarm clocks ”, is then compared with a number of published 
descriptions of activity cycles in birds. 


The author’s thesis is that the behaviour of an animal is not to be understood 
as a sequence of reflexes, more or less elaborate or conditioned, but as a complicated 
system of innate activities, each showing a well-marked periodicity. These inherent 
rhythms may modify or replace each other as the “ mood ” of the animal changes, 
frequently appearing to be based on arbitrary timing mechanisms. A particular 
pattern of activity may differ in two related species occupying different habitats, 
having undergone adaptive modification which can sometimes be shown to have 
survival value in the habitat in question. 


Thus the innate morphology of animal behaviour is as important as the more 
obvious comparative anatomy and is just as precisely adapted to ensure the survival 
of any species in the ecological niche which it occupies. 


Although the author’s viewpoint is already clear to, and indeed is held by, 
many zoologists, it deserves to be presented to a wider public. In this connection 
perhaps one small criticism may be offered. For those who are not familiar with 
the ingenious recording methods used by Professor Wells, one or two sketches of 
his apparatus together with a few of the traces of activity cycles in Arenicola 
would have been valuable aids to understanding. 


A small but useful bibliography completes the booklet, which is well worth 
the small cost to anyone with an interest in animal behaviour. 


LECTURE NOTES ON THE USE OF THE MICROSCOPE, by R. Barer, M.C., M.A., B.Sc., 
M.B., B.S. Oxford: Blackwell Scientific Publications. Price 7s. 6d. 
Pp. 76. 


Tus book, now in its second edition, ought to be purchased by every student 
who uses a microscope and by many of the students’ teachers. 


Although a little theory is included, this is essentially a practical book giving 
brief, direct answers to all the questions which may arise in the mind of the user 
of a microscope. It is divided into ten short chapers dealing with the instrument 
as a whole, lenses and image formation, microscope theory, types of objectives and 
eyepieces, magnification and its usable limits: practical instructions covering all 
aspects of manipulation including use of the oil immersion objective, use and misuse 
of sub-stage condenser and diaphragm, care and cleaning of the instrument, and 
looking at living material. There are also answers to those questions which the 
student constantly asks on poor quality definition, the drifting image, closing one 
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eye and other like questions, together with operational hints and tips and suggestions 
for further reading. Two short appendices deal respectively with some experiments 
on lenses, light and dark ground illumination: and the use of research-type micro- 
scope lamps. The book is completed by a two-page index. 

The complaint of the author that in the use of the microscope there is uniformity 
of ignorance in both student and teacher is, in the opinion of the reviewer, well 
justified. Few, if any, other laboratory instruments are so consistently mis-used. 
It is hoped that the present edition of the book will reach a wide public both of 
students and teachers, where it should do much to correct the errors and omissions 
of the past. 


APPLIED ANIMAL NUTRITION, by E. W. Crampton (1956). Published by W. H. 
Freeman (Agents: Bailey Bros. & Swinfen, Ltd., London). Price 55s. 


THE aim of this book is, in the author’s words, “‘ to bridge the gap between 
animal nutrition and livestock feeding practice.” In consequence the reader is 
required to have a basic knowledge of the fundamentals of animal nutrition and 
some understanding of the foods given to the various classes of stock. 

__ Four sections of the book deal in succession with : (1) Terms and expressions 
used in describing feeding stuffs ; (2) Nutritional requirements of animals ; (3) 
Nutritional characteristics of some common feeds ; and (4) The construction of 
rations. Further, an appendix gathers together information on miscellaneous 
feeding guides, feeding stuffs control, legislation and miscellaneous tables and charts. 

The book is written from an American viewpoint with the emphasis on the 
TDN system of rationing, rather than the European starch equivalent system. 
In other respects the text is good and the various diagrams in their conciseness 
and clarity show that the author has an excellent insight into the student mind. 


MINERALS IN PASTURE: DEFICIENCIES AND EXCESSES IN RELATION TO ANIMAL 
HEALTH. Commonwealth Bureau of Animal Nutrition. Technical 
Communication No. 15, 1956. Commonwealth Agriculture Bureaux. 
Price 25s. 


DEVELOPMENTS in ruminant biochemistry, the discovery of vitamin B,, and 
the extensive use of radio-active tracers are only a few of the reasons for publishing 
a new edition of this well-known technical communication, first written some 12 
years ago. Although the familiar structure of the book is retained, all sections have 
been revised, and some rewritten, to include new information and to present a new 
approach to some of the problems. 

Although copper and cobalt form the subject matter of the major sections, 
the other mineral elements receive full attention within the framework of the title, 
‘** Minerals in Pasture.’ The distribution of each mineral within the soil, plant 
and animal is discussed fully and the etiology of each disease caused by deficiency 
or excess is treated separately within each section dealing with a particuiar mineral. 

This book is invaluable to student, veterinary surgeon, farmer or research 
worker, at home or abroad, since it collects together a mass of information from 
many sources and presents it in a wholly readable form. 
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ViBRO FatTus INFECTION OF CATTLE. Edited by J. A. Laing. F.A.O. Agri- 
cultural Studies No. 32. Rome, 1956. H.M.S.O. Price 5s. 

THE Food and Agriculture Organisation of the United Nations convened a 
symposium in Copenhagen in December, 1954, for an exchange of information 
between experts on Vibrio fetus infection in cattle. There were 25 contributors 
and the papers and discussions have been combined in an attempt to give a 
comprehensive picture of the organism and the disease it produces in cattle. 

V. fetus is associated with bovine infertility and abortion and, as the incidence 
of bovine infertility is high in many countries, an account of the organism, the 
epidemiology, symptoms, diagnosis, treatment and prevention of the disease it 
produces is welcome. Vibrios, which are not considered to be V. fetus, may be 
found in the reproductive tracts of infertile cows; the important characteristics of 
V. fetus are a strong positive reaction for catalase and an ability to form hydrogen 
sulphide. There is some antigenic complexity, in spite of the studies made on the 
flagella, somatic and capsular antigens. 

Cows, not previously exposed to infection, are susceptible to V. fetus and 
infection is transmitted at service; infected bulls may spread the disease at service 
or by artificial insemination. The semen of such animals may appear normal and 
there are no clinical abnormalities even though V. fetus may be found in the pre- 
putial mucosa. Acute forms of disease with a catarrhal vaginitis and endometritis 
may occur in female cattle with attendant infertility; abortion may occur in chronic 
cases. Aborted foetuses, placente and vaginal mucus may be examined for the 
causal organism and the mucus-agglutination test is an additional useful diagnostic 
aid. With bulls, recourse is sometimes made to attempt recovery of the bacteria 
from maiden heifers to which suspected bulls have been mated. 

Penicillin, streptomycin and aureomycin may all produce cures in some animals; 
in any event the level of infection may be reduced and the course of the disease 
shortened when an immunity develops. 

The detailed accounts given of the technical methods employed for the 
identification of the organism and for the diagnosis of the disease are not sufficiently 
clear for an international publication. Many will puzzle over “ semi-solid thial ” 
and others will ask how one may assess “‘ a catalase number of 30 or more.” The 
antigenic structure of V. fetus is in a confusing state but it is not helpful to learn 
that “the main variation between strains is due to differences in ‘H’ antigens” 
and to read on the same page of the “ differences between them which were chiefly 
associated with the ‘O”’ antigens.” The plus and minus signs are not helpful in 
the interpretation of the mucus-agglutination test. The word “ antigen” is used 
incorrectly and gives cause for irritation; ‘‘ Davis ” agar does not help unless one is 
conversant with commercial houses overseas, and a Griffith tube—not Griffiths— 
could be described. Attention to these details would enhance the value of a publi- 
cation which is made available in all continents. 


TRICHOMONAS FceTUS INFECTION OF CATTLE, by J. A. Laing. F.A.O. Agricultural 
Studies No. 33. Rome, 1956. H.M.S.O. Price 2s. 6d. 

Tuis publication consists of a brief account of the characteristics of Trichomonas 

fetus and of the epidemiology, pathogenesis, clinical signs, diagnosis, treatment, 


UM 


REVIEWS 345 


prevention and control of the disease it produces. 

This protozoon is related to other protozoa and may be cultured artificially. 
Cattle, especially maiden heifers and previously unexposed cows, are susceptible 
and the vagina and uterus may be invaded; the prepuce and penis of the bull may 
become infected. Infection takes place at service and the bull, although less easily 
infected than the female, may disseminate it widely. The three main centres which 
are suspect are herds which supply bulls, artificial insemination centres and communal 
bulls. 

The introduction of infection into a herd is followed by a number of infertile 
services and some abortions may occur. Accurate diagnosis may be made by 
observation of the causal organism or by the vaginal mucus agglutination test. 
The technical details of the methods employed are described and the measures 
adopted for treatment and control in herds are outlined. The removal of infected 
bulls and the cessation of breeding for three months makes it possible to eradicate 
the disease within one to two years without recourse to specific therapy. 


THE Rassit, by Harry V. Thompson and Alastair Worden. London: Collins. 
1956. Price 16s. 

EVERYONE is interested in rabbits, but their interest varies in its form according 
to their age, sentiment, and the animal’s economic impact upon their lives. 

All children and many adults have a deep regard and love for these sprightly 
bundles of fur which flurry and sparkle to life at the clap of a hand and signal their 
regard on departure with a semaphore gesture of their tails. 

There are some who would protect them so that they could view them better 
through the sights of a gun, others have a mundane and mercenary interest in their 
flesh and fur, and there are those that live by the land who, for their own personal 
gain, camouflaged under the guise of national interest, would cast sentiment aside 
and vigorously exterminate the lot and have no qualms as to the method of 
destruction. 

It is said that rabbits were introduced into England by the Normans and, like 
their sponsors, they found the land to be good and have prospered and multiplied 
therein. Like the Normans, they have scourged the land in some areas and made it 
their own. They were introduced in order to enhance the food supply and there is 
no doubt that over the centuries they have served the “ pot” well. In 1948, 7.500 
tons of home-killed rabbits were carried by the railways. This represents 7,000,000 
rabbits. These remarkable figures can represent only a fraction of the numbers 
consumed, for it has been estimated that the annual turnover in wild rabbits in 
Britain was between 60 and 100 millions. Trade in rabbit meat and fur attained the 
status of a big industry. On the other hand there is no doubt that, considering 
the productivity of the land as a whole, the conversion of plants and grass into rabbit 
meat and fur is not such a good economic proposition as the production of beef, 
mutton and wool. For years and years the arguments for and against the rabbit 
have persisted. Their depredations were acknowledged, but inertia, sentiment and 
sport were on the side of the accused. When myxomatosis struck Britain in 1953 
a great wave of compassion and horror swept these island. It swamped economic 
facts. Serious attempts were made to prevent the extension of the infection but 
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they all failed and the rabbits were decimated. The revolting appearance of the 
affected animals killed the trade in such rabbit meat as remained available and the 
fur industry wilted for want of the raw material. 

Plants, crops and grass flourished and the gains in agricultural production 
were remarkable. It was obvious that whilst the dreadful disease had inflicted great 
harm and suffering and pain on the rabbits, the country as a whole stood in great 
benefit. 

This book has appeared at an opportune time whilst people are rabbit conscious. 
The whole story of the rodent is revealed, including its distribution and classifica- 
tion, physiology and reproduction, behaviour and social organisation and its ecology 
and diseases. The chapter on myxomatosis reviews all the salient features of the 
disease and should be enlightening to all those who have to rely on rumour and 
conjecture for their information. Other chapters deal with the damage that rabbits 
do and with methods of control. The rabbit has been the subject of legislation for 
many centuries and the legal aspects governing his life and death make a most 
interesting appendix. An extensive bibliography and convenient index bring the 
book to a close. 

This book tells of the rabbit and its relationship to the economy of the country- 
side. The authors may veer to the anti-rabbit side, but on the whole they give 
the facts in a fair way so that the reader can form his own opinion, without bias, 
on the evidence produced. I think that those who pronounce their verdict in favour 
of the rabbit will temper that decision with a strong recommendation in favour of 
his control. 

I think also that those who say this pest must be exterminated will reject the 
myxomatosis method after they have seen the pictures of the affected animals. 


THE SPIRIT OF THE WILD, by Dr. Wm. J. Long. London: William Heinemann. 
Price 18s. 

Most people like animals and love to watch them at work and play. There is 
a tremendous fund of animal lore and, even in this country, a few hours in the 
company of a gamekeeper will whet an appetite that asks continually for more 
information about the life and habits of the denizens of the woods and fields. 
Dr. Long is a super story-teller of the gamekeeper type but he takes us through 
primeval forests and mountains in North America and his tales are of moose, bear, 
panther, fox and beaver and with him we track and watch the wild things on their 
own terrain. 

What interesting stories this observant naturalist, who seems to know no fear, 
can tell of North American wild life. Many of the old ideas regarding the ferociousr 
ness of wild animals are swept aside and in place of these this intrepid man gives 
us a picture of timidity, inauisitiveness and gentleness. Wolves, bears and panthers 
do not attack men and other animals except when provoked by hunger, pain and 
fear. He proved by painful experience that porcupines do throw their shedding 
quills and the manner thereof. 

The book is illustrated with exquisite pencil drawings by Ray Houlihan. 

All who are already interested in the mysteries of animal behaviour will gain 
profit and pleasure from this book. If it should come into the hands of those who 
are not initiated into the cult many converts will be made. 
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SURGERY, by W. G. Kerr, M.B., F.R.C.S. (Ed.). London: Oxford University 
Press. Price 25s. net. 

IN his preface the author states “this book has been written primarily for the 
use of medical and hospital assistants in the tropics”. After perusing the pages 
one must presume that these assistants are better founded in the principles of 
surgery and the surgical treatment of lesions resulting from accident or disease than 
are their contemporaries in more temperate climes. There is a tremendous amount 
of information packed into about 400 pages, but it is likely to be appreciated 
more readily by medical students proceedings to their finals than by men 
enjoying the status of medical auxiliary students. There are no diagrams 
or illustrations, not even a frontispiece. This is a serious defect. A line drawing 
or a photograph can often transmit more useful information that an acre of prose. 
Mr. Kerr has done a good job in summarising the essential features of diagnosis 
and treatment in a vast surgical field but he has dedicated it primarily to the 
wrong audience. Things which a qualified doctor, veterinary surgeon or a 
medical student can comprehend and appreciate with ease may give a man of lesser 
intellectual status a mental dyspepsia. 


NEWS 


The Royal Society of Health 
THE Royal Society of Health held its Annual Council Luncheon at the Gros- 
venor Hotel, Victoria, on July 9. 

Professor Burrow, Chairman of the Council of the Society, proposed the toast to 
“The Guests ”, who included Mr. E. R. Callender, President of the B.V.A., and 
Mr. G. N. Gould, President, Royal College of Veterinary Surgeons. 

Mr. R. McKinnon Wood, Chairman of the London County Council, who 
replied, paid tribute to the work of the Society. 

The toast of “ The Royal Society of Health ” was proposed by Sir Harry Platt, 
President of the Royal College of Surgeons, and replied to by Sir Arthur Massey, a 
Vice-President of the Society. 


Agricultural Research Council 
THE Committee of Privy Council for Agricultural Research have appointed 
Mr. Elwyn Jones to fill a vacancy in the membership of the Agricultural Research 
Council. 


Professor H. Burrow to Visit United States 
PROFESSOR HAROLD BuRROW, F.R.S.H., Chairman of the Council of the Royal 
Society of Health, and Professor of Medicine, Royal Veterinary College, is to repre- 
sent at the Society at the 85th annual meeting of the American Public Health 
Association to be held at Cleveland, Ohio, in November. 


NOTICES 


New Dog Food Supplement 
Tue Crookes Laboratories, of Park Royal, London, have recently intro- 
duced a new dog food supplement to be marketed only through chemists and 
veterinary surgeons. 
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Called “ Vivomin ”, the new supplement consists of two powders—one providing 
the fat soluble vitamins A and D in a base of natural origin, the other containing 
vitamins of the B complex, plus essential minerals, trace elements and lactose. 


They are mixed with the normal diet to improve the dog’s health and general 
well-being. 

Its introduction follows a series of successful and scientific field trials carried 
out all over the country for more than a year with the co-operation of scores of 
domestic dog owners, proprietors of boarding kennels, breeders and exhibitors of 
pedigree stock, dog judges and veterinary surgeons. Hundreds of dogs, including 
many championship winners, were fed with the supplement to test it under differing 
systems of management, environment and circumstances. 


“Vivomin ” is being retailed in one standard size—a 12-0z. pack containing 
approximately five months’ supply for a 20-lb. dog. Recommended daily feeding 
rates, which vary according to the weight of the dog, are listed on the inside flap 
of the pack. It costs 8s. 6d. retail. 


Crookes, whose veterinary experts worked on the formulation of the supple- 
ment for many months, say that “ Vivomin” provides 50 per cent. of the daily 
nutritional requirements of the dog for the essential vitamins which are often most 
lacking in the diet, together with added minerals and trace elements. 


They say, too, it can be used in many ways: 
1. Asa dietary adjunct for all dogs in routine kennel management. 


2. To promote optimum growth, sound bone and skeletal formation, normal 
appetite and healthy skin conditions. 


3. To offset listlessness, lack of vigour, general debility and unthriftiness. 


4. To lesson the period of convalescence and hasten the return to normal 
health of patients recovering from conditions such as hard-pad, enteric disorders and 
parasitic infestations. 


5. To safeguard the health of the animal when subjected to stress at critical 
demand periods, such as the latter third of pregnancy, lactation, stages of rapid 
growth and development, and during training and periods of hard work. 


Mascetin 

PaRKE, Davis & Co. announce the introduction of Mascetin, a 15 per cent. 
aqueous suspension of Chloromycetin for the treatment of the varying types of 
bovine mastitis. Each tube contains the equivalent of 500 mg. of Chloromycetin in 
3.5 ml. sterile water and is recommended in the treatment of Staphylococcol, 
Streptococcol and B. coli mastitis especially. It may also be administered in Black- 
spot (F. necrophorus) infection of the teat canal also. Mascetin is supplied in 
boxes of 12. 
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